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nila  3report  oorers  a&  lnT68tl^tls&  InrolTlng  tlie  deToloiaent, 
teatljqg,  and  atandardlzatlon  of  a  ll^twalght,  porta]»le,  horltontal, 
xootlfying  proJeFOtion  printer,  nounted  In  a  tmdk  or  trailer,  for  nae 
In  rectifying  9"  1*7  9-^3ioh,  6olneh  focal  length  photography  ^th 
tUta  up  to  and  9~  hy  9-lzioh,  12^1neh  focal  length  photography 
vlth  tllta  up  to  tram^  the  Tertloal. 

Ihe  report  oonoludea  that  the  nodlfled  Banach  and  Laai)  recti¬ 
fier  conforna  to  the  requlrownta  of  the  military  characterlatloa  for 
thle  deyelopnent.  nie  InatruBont  la  aultahle  for  atandardlzatlon  aa 
adopted  type,  atandard  type,  and  aa  a  Claaa  nr  Item  of  aupply.  Per* 
aonnel  xamally  aaalgned  to  topographic  unlta  are  capable  of  operat¬ 
ing  the  modified  Banach  and  Loniih  rectifier. 

The  report  recenmenda  that:the  modified  Banach  and  Load)  recti¬ 
fier  he  etandardlzed  aa  adopted  type,  atandard  type,  and  he  atocked 
aa  a  Claaa  Tf  Item  of  aupply,  and  that  thla  project  he  oloaed. 
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I.  IlTRCiDIDCTiair 

1.  SiibJeot.  nils  repoirt  oovera  an  Inyestlgatlon  Involylng 
the  deyelopaent,  testing,  and  standardisation  of  a  ll^twelght, 
portable,  horlsontcd.,  rectifying  projection  printer  nounted  In  a 
truck  or  trailer,  for  use  In  rectifying  9-  by  9~lnob,  6-lneh  focal 
length  photography  with  tilts  up  to  70^,  and  9-  by  9*lnoh,  12-lnch 
focal  length  photography  with  tilts  up  to  30^  frcm  the  yertloal. 

2.  Authority .  !Ihls  work  was  carried  out  under  the  authority 
of  Project  8-35-03-001,  Hactlfylng  Camera.  •*  A  copy  of  the  project 
card  for  this  development  (EDB  Form  lA)  Is  contained  In  Appendix  A 
to  this  report. 

3*  l^Ylous  InvestlgatlonB .  During  the  lut  war  (late  19^2  — 
early  19^3  )>  there'  develop^  an  urgent  requirement  for  rectification 
equipment  to  handle  ocoibat  photography  famished  (ty  the  Air  Force) 

In  lieu  of,  or  to  supplement  mapping  photography.  At  that  time,  the 
only  Instrument  available  for  rectification  of  tilted  photography 
was  one  which  had  been  manufactured  by  the  Fairchild  Aerial  Surveys, 
Incorporated,  for  their  own  use.  Several  of  these  Instruments  were 
procured  as  a  stop-gap  lB0a8^a'e.  Later,  after  reports  of  deficiencies 
were  received  frcm  the  field,  specifications  Incorporating  certain 
modifications  were  prepared,  and  additional  models  of  the  Improved 
type  were  procured  from  Photogrammetrlo  Instruments  Corporation, 
Pasadena,  California,  a  subsidiary  of  the  Fairchild  Aerial  Surveys, 
Incorporated.  Ihls  Instrument  ESN.  18-3730.300-300  acccmmodated 
only  a  limited  range  of  tilts  (api^roximately  22^  for  6-lnoh  focal 
len^h  photography  and  33°  for  12-lnch  focal  length  photography)  and 
was  found  to  be  unsuitable  for  quantity  production  of  controlled  mo¬ 
saics. 


About  the  same  time,  an  Investigation  was  Initiated  by  the 
EBDL  for  developing  methods  and  equipment  that  would  use  trl-metrogon 
aerial  photography  to  maTlwum  advantage  both  In  the  compilation  of 
original  aeronautical  ohazts  axid  strategic  maps,  and  In  the  revision 
of  all  types  of  naps  and  charts. 

In  prosecuting  one  phase  of  this  Investigation,  a  study 
was  made  of  the  practicability  of  using  rectified  trl-metrogon  aerial 
photography  and  attendant  caoq>llatlon  techniques  for  this  purpose. 

A  rectifier,  constructed  at  the  ERDL,  was  designed  to  rectify  as  a 
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alnlimoB  the  fo'lJ.oirlng  types  of  photography t  9-  hy  9-lnoh,  6- inch 
focal -length  trl'setro^m  ohllquea,  vlth  tilts  up  to  70®;  and  9- 
hy  l8-lnoh,  2^-lzieh  focal  length  nhotography  of  the  trl>E-l8  oanera 
Installation^  vlth  tilts  up  to  42”.  In  addition,  the  Instmnent  vas 
to  he  capable  of  reductions  or  enlazgeaents  ranging  from  0.9  to  1.1 
dlaoeters,  at  i^ie  various  angles  of  rectification.  The  Investiga¬ 
tion  of  this  Instnasent  Is  oorered  In  ERDl  Report,  Rectifying  Projec¬ 
tion  Oanera  Constructed  at  the  Engineer  Board,  1?  Recesiher  3^3. 


Tests  vere  also  conducted  utlllalng  the  rectified  trl- 
aetrogon  photography.  These,  vhlch  Indicated  that  this  procedure 
had  considerable  aerlt  and  advantages  over  the  standard  procedure 
being  used,  are  covered  In  ERDL  Report  83O,  Military  Mapping  fresi 
Trl-Metrogon  Aerial  Photography  Using  Rectified  Photographic  17  June 

~jpj- 


Proa  the  data  obtained  In  both  these  Investigations,  the 
requirements  for  a  suitable  Instrument  vere  ascertained,  and  mili¬ 
tary  characteristics  vere  prepared  to  provide  an  Instrument  capable 
of  rectifying  (l)  near  vertical  photography  for  mosaic  ocmpllatlon, 
(2)  the  split  vertical  12- Inch  focal  length  photography  being  furn¬ 
ished  by  Air  Force  as  supplemental  oovez'age  for  mapping,  and  (3)  the 
^oblique  photography  of  the  trl-metrogon  system.  The  military  charac- 
'terlstlcs  as  finally  approved  &re  shown  on  the  project  card  In 
Appendix  A  and  are  adeo  given  In  Appendix  B,  together  vlth  added  In¬ 
formation  required  for  standardization. 

4.  Personnel.  The  development  vork  on  this  project  was  ac¬ 
complished  by  John  T.  Pennington,  and  the  Inspection  and  tests  by 
Frank  A.  McFarland,  Photogrammetrlc  Branch.  All  work  vas  under  the 
supervision  of  William  C,  Cude,  Chief,  Topographic  Engineering  De¬ 
partment. 


.11.  INTESTIGATICW 

3.  General.  The  representatives  of  several  firms  vere  con¬ 
tacted  and  requested  to  siifamlt  bids  for  the  development  and  construc¬ 
tion  of  an  experimental  model  Instrument  which  would  oonfflvm  vlth 
the  approved  military  characteristics.  Development  oontraots  vere 
awarded  to  the  Rutherford  Machinery  Company  of  Ruthorford,  lev 
Jersey,  the  Aero  Servloe  Corporation  of  Philadelphia,  and  the  Bausoh 
and  Loi^  Optical  Ccnpany  of  Rochester.  This  development  was  carried 
on  during  the  war  years;  therefore,  because  of  the  demand  for  accom¬ 
plishing  work  of  higher  priority,  a:^  because  of  the  lack  of  mater¬ 
ials,  and  the  shortage  of  personnel,  progress  vas  extremely  slow. 

As  a  result,  the  Rutherford  Maohlziery  Company  contract  vas  finally 
cancelled;  also,  the  Aero  Servloe  Corporation  and  the  Bausoh  and 
Lonib  Optical  Company  vere  unable  to  make  deliveries  of  their  finished 
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Fig.  1.  Experimental  rettifier  constructed  Ijy  Aero  Service 
Corporation. 
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instruinents  tintll  October  I9U5  and  July  19^6,  respectively.  Com¬ 
parative  tests  were  run  on  both  designs  amd  It  was  found  that  neither 
Instrument  was  entirely  satisfactory  for  Its  Intended  purpose.  How¬ 
ever,  the  test  provided  a  basis  for  nodlfyliig  the  more  suitable  of 
the  two.  This  BK>dlfl cation  was  acoompllshed  by  means  of  a  purchase 
03?der  placed  with  Fred  P.  Wlllcox,  Bethesda,  Maryland.  The  modified 
Instrument  was  then  ftxrther  tested  and  Is  the  end  product  that  Is 
evaluated  by  this  report. 

6.  Description  of  Aero  Service  Corporation  Rectifier.  Pig.  1 
shows  an  assembled  view  of  the  Instrument  constructed  by  the  Aero 
Service  Corporation.  This  Instrument  Is  of  the  horizontal  projec¬ 
tion  type,  with  the  negative,  lens,  and  easel  planes  mounted  on  ver¬ 
tical  axes.  The  lens  and  easel  planes  may  be  translated  (moved) 
along  the  horizontal  tracks  or  ways,  and  the  negative  may  be  swung 
through  360®  In  Its  own  plane.  The  angular  and  linear  motions  are 
accomplished  manua,lly.  Appropriate  scales  are  provided  for  setting 
the  Instrument  to  predetermined  data;  eJJ.  settings  are  made  with 
respect  to  a  base  direction  or  reference  line  (the  line  between  the 
principal  point  of  the  negative  and  the  nodal  point  of  the  lexis). 

The  Instrument  Is  designed  so  that  It  may  be  readily 
broken  down  Into  six  principal  sub-assemblies;  the  base,  the  easel 
and  easel  carriage,  the  lens  carriage,  the  negative  carriage,  the 
Illumination  unit,  and  the  projection  lenses.  The  conoplete  Instru¬ 
ment  weighs  ^6k  pounds  and  is  packed  In  four  carrying  chests  which 
may  be  used  as  a  supporting  table  as  shown  In  Fig.  1.  All  motions 
Eire  equipped  with  scales  Illuminated  by  ruby  lamps.  The  angular 
motions  are  provided  with  5-nilnute  verniers  and  the  linear  motions 
have  0.1-mm  verniers,  A  detailed  description  of  the  component  parte 
follows ; 

a.  Base.  The  base  Is  an  aluminum  casting  containing  two 
precisely  machined  Inverted  ''V"  rails  cast  Integrally  with  the  base. 
The  lens  and  easel  carriages  are  translated  aloixg  the  tracks  by 
means  of  pinion  gears  that  engage  a  rack  gear  positioned  In  the 
center  of  the  casting.  A  scale  (graduated  In  millimeters)  Is  posi¬ 
tioned  on  the  front  of  the  casting  and  measures  the  movement  of  the 
lens  and  easel  carriages.  The  alumlnm  casting  (base)  Is  supported 
by  four  heavy  duty  rubber  grommets. 

b.  Easel  and  Easel  Caxrlage.  The  easel  Is  a  oast  alumi¬ 
num  shell  37  by  32  by  4^  Inches  In  size;  It  Is  pierced  with  holes 
1/16  Inch  In  diameter  spaced  on  I’-lnch  centers  over  the  entire  front 
surface.  The  easel  Is  canted  about  a  vertical  axis  throu^  Its 
front  sxirface,  by  means  of  a  hand  wheel  on  the  side  of  the  easel 
carriage;  a  second  hand  wheel  Is  provided  for  ti^anslatlon  along 
the  base.  The  easel  caxrlage  Is  supported  on  the  base  by  bronze 
olllte  bearing  pads.  The  vacuum  that  holds  the  printing  paper  flat 
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agalxiBt  the  surface  of  the  easel  Is  created  hy  a  Vlctocr-Aone 

rotarj  posltlTe  poressure  hlover  oeroieoted  to  the  easel  fraae  Toj  a 
flezlhle  tube  3  inches  In  dlaoeter.  1%.e  hloirer  euisemblj  also  o<»i> 
tains  the  transfconoers  required  for  the  operation  of  the  ll^^t 
source. 


o.  Lens  Caarrlaye.  The  lens  carriage  Is  sljiallar  In  de¬ 
sign  and  construction  to  ine  easel  carriage;  the  rotational,  trans-' 
latlonal,  and  support  features  are  identical.  The  frasievork  (carri¬ 
age)  supporting  the  hellovs  rotates  Independently  of  the  shaft  sup¬ 
porting  the  lens;  In  addition,  a  cross  slide  arrangement  Is  pro¬ 
vided  so  that  the  hellows  vlll  seek  Its  own  position  when  the  nega¬ 
tive  aria  lens  carriages  az*e  canted.  A  maTiiiAi  i  y  operated  disk,  posi¬ 
tioned  In  front  of  the  leius.  Is  provided  with  a  clear  aperture  for 
exposure  and  vlth  a  red  filter  for  use  In  orienting  photographic 
paper  on  the  easel. 

d.  Negative  Carriage.  The  xiegatlve  carriage,  of  cast 
aluminum  construction.  Is  designed  so  that  the  negative  plane  Is 
rotated  about  a  vertical  axis  posltloiied  at  a  distance  of  1/3  the 
thickness  of  the  stage  glass  In  front  of  the  negative  In  order  to 
correct  for  refjractlon  In  the  stage  glass.  The  negative  Is  canted 
about  a  vertlced.  axle  throu^  Its  front  surface  by  the  hand  vheel 
on  the  side  of  the  carriage,  and  swung  about  a  horizontal  axis 
through  the  face  of  the  negative  by  the  hand  wheel  located  In  the 
negative  frame.  Supports  attached  to  the  framework  of  the  carriage 
are  provided  for  mounting  standard  aerial  film  spools;  In  addition, 
a  specially  designed  mlcrooeter-type  device  Is  provided  on  the  spool 
mount  for  aligning  the  negative  with  the  collimating  marks  on  the 
negative  stage  glass.  The  film  Is  flattened  on  the  stage  by  a 
pressure  glass  which  may  be  readily  removed  from  the  Instrument  If 
desired. 


e.  Til nation.  The  aluminum  alloy  light  box  Is  hinged 
to  the  negative  carriage  so  that  It  rotates  with  the  negative.  Pour 
100-watt,  hlgh-prese\ire  mercury  vapor  lamps  are  moimted  In  the  light 
box  behind  a  flashed  opal  glass  diffuser.  Because  the  mercury  vapor 
lamps  radiate  considerable  heat,  forced  iretft  ventilation  is  neces¬ 
sary  and  this  Is  supplied  by  a  fan  operated  by  a  l/jO-hp  motor 
mounted  on  the  side  of  the  light  box.  Ihe  lamps  must  be  burned  con¬ 
tinuously  when  the  Instrument  Is  In  operation  as  approximately  U 
minutes  are  required  for  them  to  reach  their  full  Intensity,  and 
because  they  will  not  llcd^t  while  hot.  Consequently,  a  curtain 
shutter  arrangemsnt,  which  closes  when  the  box  Is  swung  away  from 
the  negative,  has  been  provided  on  the  front  of  the  light  box  to 
block  out  transmitted  light. 


f .  Lenses.  Two  lenses  are  supplied  with  this  instru¬ 
ments  a  h^-inch  focal  length  Baker  Hypergon  for  use  In  rectifying 
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the  hl^  oblique  negatlyes,  ajod  a  T^-iOiCh  focal  length  Bausch  aaA 
Laid)  Protar  V  for  sear  rertloal  rectlficatloai.  The  U^lnoh  lens 
vas  speolally  designed  for  rectification  hy  ]>r.  Baker  of  the 
Haryard  (ftseryatory,  and  Is  of  sTometrlcal  fijrpex'gon  design,  nasl- 
nally  free  of  distortion,  ihls  lens  Is  unique  In  that  It  has  a 
canted  diaphragm  stop,  fs22  aperture  ratio.  The  Bausch  and 

Lomh  Proteus  Y  Is  a  st^k  f  :ld  lens  designed  for  vlde-angle  camera 
applications,  hut  nay  he  tised  as  a  process  lens. 

7.  Desorlptlon  of  Baxisch  and  Lomb  Optical  Ccmpany  Beotlfler. 
Pig.  2  shovs  the  Bausch  and  Icmb  Instrument  set  up  for  operation. 

The  general  principles  of  design  for  this  instrument  are  similar  to 
those  of  the  Aero  Seryloe  rectifier,  as  are  the  main  oonponents  of 
the  tvo  rectifiers.  The  Instrument  weighs  pounds  and  Is  packed 
In  tvo  carrying  chests.  All  motions  are  hand  operated,  the  angular 
scales  helng  equipped  with  yemlers  allowing  direct  reading  to  the 
nearest  minute  of  arc,  while  the  linear  scales  haye  yemlers  read¬ 
ing  to  the  nearest  0.1  mm. 

a.  Base.  The  haee  of  the  Instrument  consists  of  two 
polished  steel  tubes  permanently  mounted  In  cast  aluminum  blocks 
supported  by  four  detachable  steel  tube  legs,  two  of  which  are  ad¬ 
justable  for  leyellng.  The  lens  and  eaaeJ  carriages  are  translatable 
along  the  tubes;  large  motions  are  manually  made,  while  accurate 
settings  are  made  by  a  clamp  and  alow  motion  screw.  A  linear  milli¬ 
meter  scale  extends  along  the  base. 

b.  Easel  and  Easel  Carriage.  The  easel  is  a  cast  alumi¬ 
num  shell  ho  by  50  "by  15/^  Inches;  It  is  pierced  with  holes  5/6h 
inch  In  diameter  spaced  on  about  5/8^1i^ch  centers.  The  easel  is 
connected  to  a  deep  bearing  in  the  easel  carriage  to  permit  mtation 
about  a  yertical  axis  through  Its  front  surface.  Large  rotations 

of  the  easel  are  accomplished  manually  ,  and  a  clamp  and  taxigent 
screw  arrangement  is  proylded  for  accurate  settings.  The  easel 
canciage  is  supported  on  the  tubular  ways  by  two  ’Y"  rollers  on  one 
side  and  by  a  plane  face  roller  on  the  other.  Vacuum  is  supplied  by 
a  1/3-hp  Bruers  Tornado  blower  connected  to  the  easel  frame  by  a  I5- 
inch  flexible  rubberized  tube. 

c.  lens  Carriage.  The  lens  carriage,  also  of  oast  alumi¬ 
num  construction,  is  supported  on  the  tubular  ways  In  a  manner  simi¬ 
lar  to  that  of  the  easel  carriage.  It  is  designed  so.  that  the  lens 
may  be  rotated  about  a  yertical.  axis  through  the  entrant  node  of  the 
lens.  Ihe  lens  mount  is  proylded  with  positioning  studs  to  facili¬ 
tate  the  interchanging  of  projection  lenses.  The  framework  support¬ 
ing  the  bellows  rotates  independently  of  the  shaft  supporting  the 
lens,  so  that  the  bellows  will  seek  its  own.  position  when  the  lens 
and  negatlye  planes  cire  canted. 
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d.  ItoflatlTe  CaaTlaae.  Tha  ne^tlve  carriage,  for  the 
Boat  part  of  cast  aluBlmn  constructlm,  has  proTlslon  for  rotating 
the  negatlYe  about  a  rertloal  axle  vhloh  Is  po8ltl(»aed  at  a  distance 
1/3  the  thickness  of  the  stage  glass  In  front  of  the  nsgatlre  plane. 
Ihe  negatlTe  plane  Is  canted  Banually  for  large  notions,  hut  for  ao> 
curate  settings  a  clanp  and  tangent  screv  Is  proTlded.  Ihe  svlxig  of 
the  negatlTe  Is  actuated  hjr  a  knurled  knoh  that  Is  accessible  when 
the  ll^t  source  Is  swung  away  fron  the  neghtlwe.  Supports  prorlded 
for  nountlng  standard  aerial  flla  spools  can  be  adjusted  to  center 
the  spools  >dien  the  negative  Is  being  aligned  with  the  fiducial  narks 
on  the  negative  stags.  'Rie  flln.  Is  flattened  on  the  stage  by  a  pres- 
sure  glass  hinged  to  the  negative  carriage. 

e.  rn  null  tint  Ion.  The  light  box  Is  fabricated  of  alunl- 
nuBL  alloy,  and  la  hinged  tie  the  negative  carriage  so  that  It  Is 
canted  with  the  negative  carriage  but  Is  not  free  to  swing  In  Its 
own  plane.  The  area  of  lUunlnatlon  has  been  nade  sufficiently 
large  to  Illuminate  the  diagonal  of  a  9"  9~laoh  negative  as  the 
film  Is  swung  through  3^0®  In  Its  own  plane.  The  ll^t  source  Is  a 
bank  of  sixteen,  13*-watt  l8-lnch  fluorescent  tubes  placed  behind  a 
ground  glass  diffuser.  A  toggle  switch  Is  provided  for  Individual 
control  of  each  lamp  and  there  Is  also  a  master  switch  for  control 
of  the  entire  bank.  The  actlvatoro  for  the  lamps  are  all  ecmtalxied 
In  a  metal  box  mounted  cm  the  base  of  the  rectifier,  and  the  startero 
are  mounted  In  the  light  box. 

f.  Lenses.  Three  Interchangeable  fs6.3>  projecting 

metrogon  lenses  of  and  7-lnch  focal  lengths  are  supplied 

with  this  Instrument,  The  U|^lnoh  lens  Is  Intended  for  use  In  rec¬ 
tifying  the  high  oblique  photography  of  the  trl -metrogon  asseid>ly, 
and  the  7-lnch  lens  Is  for  use  In  rectifying  photography  of  low 
tilt.  The  5^- inch  lens  was  an  experimental  model  and  was  used  to 
determine  whether  It  might  be  satisfactory  for  all  rectifications 
required  of  the  instrument  In  lieu  of  the  and  7“LQCh  lenses. 

All  lenses  are  nounted  In  Betox  shutters. 

g.  Special  Scaling  Device.  The  Bausch  and  Lomib  recti¬ 
fier  Is  equipped  with  a  special  scaling  device  for  the  express  pur¬ 
pose  of  simplifying  the  cjalculatlons  necessary  for  setting  (?lg.  3)« 
Ihe  Bhosrt  bar  Is  rigidly  coxmected  to  the  sha^  supporting  the  lens 
apd  la  always  pexpendloular  to  the  optlcml  axis  of  the  lens.  The 
lopg  Bar  Is  rigidly  connected  to  a  bracket  which  pivots  at  the  cen¬ 
ter  of  rotation  of  the  negative.  This  bracket  eilso  carries  the 
verniers  for  two  grad\iated  circles  at  the  negative  end  of  the  In- 
stxament.  One  of  these  circles  is  fixed  in  position  with  respect 
to  the  base  of  the  rectifier,  eind  the  other  circle  rotates  wilh  the 
negative.  Thus,  when  the  long  bar  Is  rotated  about  the  center  of 
rotatl<m  of  the  negative,  the  angle  of  rotation  of  the  bar  can  be 
read  on  the  fixed  circle,  and  the  angle  of  cant  of  the  negative. 


Special  scaling  device  constructed  ty  Bausch  and  T/fnh  Optical  C( 
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vltli  respeot  to  the  long  har,  can  he  read  on  'the  rotating  circle. 
Where  the  two  hare  Intersect,  there  ie  a  pln-ooaneeted  hinge  which 
■aj  he  slid  along  the  two  hazo  and  nay  he  looked  so  that  the  two 
hare  are  perpendicular.  This  hinge  dewloe  carries  yemlers,  suit¬ 
able  olaa^ps,  and  slow  notion  screws  for  settings  along  the  two  hare. 
In  operation,  the  hinge  look  Is  released,  a«A  predetezslned  dlstaxioes 
are  set  on  the  two  hars;  then,  the  lens  carriage  Is  positioned  along 
the  hed  at  the  point  where  the  two  hars  nay  he  looked  In  a  perpendi¬ 
cular  posltlcm.  This  autcaatloally  positions  the  lens  the  hed 

and  at  the  sane  tine  cants  the  lens;  eLLso,  the  novahle  yemler  at 
the  negatlye  la  positioned  In  such  a  nanner  that  the  angle  of  cant 
of  the  negatlye  nay  he  detendned  with  respect  to  the  hase  reference 
line.  Instead  of  referencing  It  to  the  optical  axis. 

Setting  the  special  scaling  deyloe  requires  the  oob.- 
putatlon  of  two  angles  and  two  distances.  Values  obtained  fTosi  the 
scaling  deyloe  together  with  the  preconputed  angles  and  dlstazu^es 
are  used  as  the  hasls  for  three  additional  oonputatlons  required  for 
the  ooB^lete  setting  of  the  instrunent. 

8.  Deficiencies  of  Pilot  Model  Bectlflers.  Sioanarlzed  helow 
are  the  principal  deficiencies  noted  In  the  engineering  tests  of 
both  pilot  nodel  rectifiers,  together  with  sonae  ohseryatlons  on  the 
design  and  perfomance  of  each  Instinsaent.  The  engineering  tests 
Included  tests  for;  lens  distortion  and  resolution;  accuracy  of 
rectification;  exposure  time;  operational  and  perforaanoe  charac¬ 
teristics;  and  accuracy  of  auxiliary  scaling  derlce  on  the  Bausch 
and  Lcoib  nodel. 

a.  Aero  Serylce  Corpo3:atlan  Rectifier. 

(1)  The  blackout  proyislozis  of  the  light  source  were 
found  to  be  unsatisfactory  because  of  light  leaks  around  the 
box,  and  because  of  the  flimsy  construction  of  the  curtain 
shutter. 

(2)  Precision  setting  of  the  scales  were  difficult 
to  make  because  of  backlash  In  the  gears;  also,  accurate  read¬ 
ing  of  the  easel  scale  was  Impossible  when  the  easel  was  set  at 
zero  tilt  because  the  ylewlng  space  was  blocked-off. 

(3)  Wo  proylslon  was  made  for  looking  the  settings 
on  the  yarlous  scales. 

(k)  Orientation  of  film  on  the  stage  glass  was  diffi¬ 
cult  because  of  a  cranped  ooxidltlon  existing  around  the  ne^tlye 
stage. 


(5)  The  mercury  light  source  required  a  4-mlnute 
wam-up  period;  In  operation,  the  excesslye  heat  radiation 
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required  forced  draft  rentilatloa;  and  the  laok  of  eoatrol  of 
the  lljd^tB  affected  the  unlforalty  of  the  prlzxta. 

(6)  The  eaael  vas  thicker  and  heayler  than  oeoeasarj. 

(7)  The  yaouum  pua^  vae  larger  and  heavier  and  of 
greater  capacity,  than  vae  required. 

(8)  The  Baker  Bypergon  lens  of  the  Aero  Service 
Corporation  model  did  zu)t  produce  as  sharp  a  print  as  the  pro¬ 
jecting  metrogon  lens  of  the  Bausoh  and  Lomb  model  vhen  used  to 
rectify  photography  of  high  tilts. 

h.  Bausoh  and  Lanib  Optical  Company  Beotlfler. 

(1)  The  fraiBe  of  the  Instrument  vas  not  sufficiently 
rigid,  and  the  translation  of  the  lens  and  easel  caused  de¬ 
flection  of  the  tuhes. 

(2)  There  vere  several  light  leaks  around  the  ll^t 
hlaokout  shield  that  could  not  he  adequately  blocked. 

(3)  Ho  safell£^ts  vere  provided  on  the  scales  or 
verniers,  xueoessltatlng  the  covering  of  all  photographic  emul¬ 
sions  and  the  turning  on  of  overhead  lights  to  set  the  scales 
for  each  exposure. 

(i|-)  Illumination  of  the  fiducial  marks  vas  such 
that  all  fotir  fiducial  marks  could  not  he  seen  from  a  single 
eye  position. 

(3)  Precise  rectifier  settings  could  not  he  obtained 
from  the  special  scaling  device;  nor  did  It  simplify  the  cal¬ 
culation  procedure. 

(6)  The  experimental  3^- Inch  focal  length  lens  did 
not  produce  rectified  high  oblique  prints  that  vere  as  sharp 
cm  those  produced  vlth  the  4^- Inch  focal  length  lens. 

(7)  The  projecting  metrogon  lenses  produced  sharper 
prints  than  did  the  lenses  supplied  vlth  the  Aero  Service  model. 

(8)  More  uniform  prints  vere  obtained  vlth  the 
fluorescent  light  source  of  the  Bausch  and  Lffnb  model  than  vlth 
the  mercury  vapor  light  source  of  the  Aero  Service  model,  as 
the  illumination  vas  easier  to  control. 

(9)  The  tvo  packing  chests  vere  larger  and  heavier 
than  required. 
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9.  Modification  of  Bauach  and  Lamb  Rectifier.  While  hoth  In- 
atrunents  oonfonned  In  general  to  the  approTed  nllltarj  oharaoterle- 
tlca  for  this  deyelopment,  neither  vae  entirely  eultahle  for  Its 
tended  purpose.  The  testa  Indicated  that  the  Bausch  and  Lonb  nodel 
was  the  more  deslrahle  of  the  two,  and  It  was  helleved  that  with  some 
modifications  to  eliminate  the  deficiencies  stated  In  par.  8,  It 
would  he  entirely  adequate.  To  acooD^llsh  these  modifications,  the 
required  changes  were  used  as  the  basis  for  negotiating  a  Purchase 
Order  with  Fred  P.  WlUcoz  of  Bethesda,  Md.  As  the  modifications 
progressed.  It  hecame  evident  that  In  order  to  make  some  of  the 
changes,  the  contractor  was  ohllged  to  rebuild  coBq>letely  certain 
aub-assemblles.  Thus,  It  was  found  that  Instead  of  modifying  the 
Instrument,  the  original  was  used  merely  for  the  supply  of  parts  In 
rebuilding.  As  a  restilt  of  this  rebuilding,  the  design  of  the  In¬ 
strument  was  Improved  considerably s  the  center  of  gravity  was 
lowered,  the  weight  was  reduced,  and  a  three-leg  support  suitable 
for  track  mounting  was  provided. 

10,  Description  of  Modified  Bausch  and  Lonb  Rectifier.  Fig,  k 
shows  the  modified  Bausch  and  Lonib  rectifier  as  delivered  to  the 
EHDL  in  March  19^8.  The  general  design  Is  clean  and  sliqple,  and 
the  Instrument  has  been  constructed  almost  entirely  of  ll^t  laetal 
alloys;  the  total  weight  has  been  reduced  to  310  poimds.  Ito  else 
of  the  Instrument  has  been  reduced  to  a  minimum,  so  that  when 
assembled  for  operation,  it  requires  a  floor  space  of  only  5  ^7  5^ 
feet,  exclusive  of  operator  space;  the  height  has  been  reduced  to 

6  feet  to  permit  track  mounting.  The  spscieLl  scaling  device  has 
been  eliminated,  and  scales  for  the  angular  motions  have  been 
placed  in  positions  so  that  they  can  be  read  more  conveniently; 

In  addition,  the  sccdes  have  been  equipped  with  locks  and  tcmgent 
screws  for  precise  setting.  Ruby  lamps  (saf slights )  have  been 
placed  on  all  scales  to  permit  settings  to  be  made  on  the  instru¬ 
ment  while  photographic  paper  is  In  place  on  the  easel.  Two  compact 
chests  for  packing  amd  treuisportlng  the  Instrument  have  been  de¬ 
signed  and  built  by  the  ERDL.  A  detailed  description  of  the  com¬ 
ponents  of  the  rectifier  follows; 

a.  Base.  The  base  is  a  rigid  frame  fabricated  from  4- 
Inoh,  structural  aluminum  alloy  channels,  and  it  Is  supported  on 
adjustable  tripod  legs  in  order  to  minimize  the  transmission  or 
torsional  stresses  to  the  frame  when  the  rectifier  is  mounted  in  a 
truck  body.  Foot  pads  are  provided  for  rigid  bolting  of  the  legs 
to  the  floor  of  the  truck.  The  ways,  or  longitudinal  tracks  on 
which  the  lens  and  easel  carriages  travel,  are  half  rounds,  ground 
from  stainless  steel  stock.  Two  level  bubbles  mounted  at  right 
angles  to  each  other  on  the  base,  are  provided  to  Indicate  the 
level  of  the  ways, 

b.  Easel  and  Easel  Carriage.  The  easel  has  not  been 
changed  from  the  original  instrument  since  the  size  of  the  original 
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Fig,  U,  Side  view  of  modified  Bausch  and  Lamb  rectifier. 
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dealga  la  required  to  aoooBBiodate  the  nagolfloatloa;  how- 

eyer,  the  aaael  carriage  haa  been  nodlfled  hj  uoderallnglng  It  vlth 
reapoot  to  the  vaja  In  order  to  lower  the  center  of  graylty.  The 
aaael  carriage  la  aupported  on  the  vaja  hj  roUera  7/8  loob  In 
dlaaeter;  two  on  one  aide  are  T"  type,  and  the  alngle  roller  on 
the  other  la  plane  faced.  Ihe  rellera  were  dealgned  with  a  unique 
adjuatment  feature  that  permlta  .(90>inoh  lateral,  and  .020'lnoh 
vertical  adjuatmanta.  Vacuun  la  supplied  the  easel  frame  hy  a 
standard  household  vacuum  cleaner.^ 

c.  Lena  Carrlay.  The  lens  carriage  now  oonalsta  of  a 
structural  aluminum  tube  2^  Inches  In  diameter  (which  aupporta  the 
lens),  and  a  fabricated,  structural  aluminum  framework,  the  center 
of  gravity  of  which  haa  been  lowered  In  a  maxmer  similar  to  that  of 
the  easel  carriage.  The  lens  carriage  has  been  further  stabilized 
by  separation  of  the  suppocrt  rollers  ae  that  the  three  point  contact 
approzlmatea  an  equilateral  triangle.  To  Insure  agalxist  any  over¬ 
turning  mcraent  of  the  lezts  carriage,  look  bearings  have  been  pro¬ 
vided  under  the  rollers.  These  bearing  are  mounted  on  aprlng- 
loaded  pivot  arms  so  that  they  nay  be  retracted  for  disassembly  of 
the  instrument. 

d.  Negative  Carriage.  The  negative  carriage  consists 
of  a  fabricated,  structuxral  aluminum  framework  positioned  on  Its 
vertical  bearing  by  means  of  alignment  pins,  and  looked  In  place  by 
three  cap  screws.  The  negative  stage  glass  holder  Is  moimted  on 
bearings  which  allow  It  to  rotate  through  a  full  36O®  of  arc;  con¬ 
trol  of  this  motion  Is  by  hand  for  large  adjustments,  and  by  claiiq> 
and  tangent  screw  for  small  precise  adjustments.  The  design  Is  such 
that  film  may  be  easily  placed  on  the  stage  glass  or  removed  fraa. 

It  without  dismantling  any  peurt  of  the  iratrument.  A  ruby  glow  lamp 
has  been  placed  behind  each  fiducial  mark  to  provide  for  ease  In 
centering  the  film  from  a  single  eye  position.  Each  lamp  Is  mounted 
on  a  pivot  arm,  and  all  four  are  Interconnected  by  means  of  pulleys 
so  that  they  may  be  swung  out  of  the  way  (when  not  In  use)  by  a  lever 
located  at  the  rear  of  the  negative  frame. 

e.  Til nation.  The  Illumination  unit  has  been  com¬ 
pletely  redesigned  an4  now  consists  of  a  llght-tl^t,  sheet  aluminum 
box  containing  fourteen,  8-watt,  12-lnch  fluorescent  tubes  spaced  on 
7/8- inch  centers,  behind  a  ground  glass  diffuser.  The  activators 
for  the  lamps  are  all  contained  In  a  metal  box  mounted  on  the  base 
of  the  Instrument,  while  the  starters  are  situated  at  the  rear  of 
the  ll^t  box  directly  behind  the  tubes.  A  toggle  switch  Is  provided 

1.  A  standard  household  vacuum  cleaner  provides  adequate  pressure. 

Is  cheap  and  easy  to  obtain,  and  can  be  supplied  with  attach¬ 
ments  for  cleaning  dust  dirt  from  the  bearings  and  other  re¬ 
stricted  parts  of  the  equipment. 
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for  lodlrldual  ocoitarol  of  each  iBsq?  so  that  the  lUnmlaatloQ  reach¬ 
ing  the  easel  can  he  ha3aneed  orer  the  entire  area  of  projection. 
Ihere  la  also  a  naster  switch  for  control  of  the  whole  hanh.  The 
U^t  hOQC  la  noonted  by  a  novel  arrangenent  vdilch  allows  It  to  re¬ 
volve,  and  fit  snugly  Into  place  behind  the  film  plane  regardless 
of  the  cant  or  swing  of  the  fllBL,  thus  reducing  light  leaks  to  a 
mLnlmum.  The  design  of  this  mechanism  Is  such  that  the  tabular  arm 
supporting  the  U^t  box  Is  supported  on  a  vertical  ariA  rigidly 
connected  to  the  vertical  axis  of  rotation  of  the  negative  carriage 
^)o  This  allows  the  light  box  to  be  canted  with  the  negative 
assembly,  and  also  permits  the  light  box  to  be  revolved  sway  from 
the  negative  aseemhly  as  shown  In  the  figure.  In  addition,  the 
bearing-type  connsctlon  between  the  light  box  and  the  tubular  arm 
permits  rotation  of  the  light  box  In  Its  own  plane  so  that  acconno- 
datlon  Is  made  for  any  swing  of  the  negative. 

f.  Lenses.  The  and  7-iiich  focal  length,  f:6.3  pro¬ 
jecting  metrogon  lenses  previously  described  are  used  with  the  modi¬ 
fied  Instrument.  A  bEratten  gelatin  filter  has  been  supplied  which 
may  be  clipped  to  the  lens.  If  desired,  for  use  In  orienting  sensi¬ 
tized  paper  to  the  project^  Image. 

11,  Aesemhly  and  Adjustment.  Jig.  6  shows  the  modified  Bausch 
and  Lomib  Instrument  broken  down  Into  its  component  parts.  To 
assemble,  the  legs  are  first  attached  to  the  freune,  the  negative 
carriage  Is  positioned  on  Its  alignment  studs,  the  lamp  box  Is  se¬ 
cured  to  Its  mount,  the  lens  carriage  Is  fitted  to  the  horizontal 
tracks,  the  easel  and  easel  carriages  are  assembled  and  pieced  on 
the  tracks,  the  vacuum  hose  Is  Interconnected  between  the  easel  and 
vacuum  pulI^),  and  finally,  the  lens  Is  secured  on  the  lens  mount. 

Jigs  7  and  8  show  how  the  Instrument  Is  placed  in  chests 
for  shipment.  Chest  No.  1  occupies  2k  cubic  feet,  weights  3^  pounds 
when  fully  loaded,  and  contains  the  legs,  the  frame,  the  easel,  and 
the  vacuum  pump.  Chest  No.  2  occupies  14,1  cubic  feet,  weighs  250 
pounds  fully  loaded,  and  contains  the  remainder  of  the  superstruc¬ 
ture  Including  the  lamp  housing,  negative  carriage,  lens  carriage, 
easel  carriage,  projection  lenses,  and  spare  parts. 

J'or  truck  mounting,  the  base  of  the  Instrument  Is  bolted 
to  the  floor  of  the  truck,  and  chest  No,  2  is  also  bolted  to  the 
floor  of  the  truck  beneath  the  base  (Jig,  9).  ^or  transport  In  the 
van,  the  light  source,  negative  carriage,  lens,  and  lens  carriage 
are  removed  from  the  base  and  placed  In  the  spaces  provided  In  Chest 
No.  2  (Jig.  lo).  The  easel  Is  also  removed  from  the  base  and  mounted 
on  the  floor  of  the  van.  This  disassembly  can  be  accon^dlshed  in 
about  5  minutes  by  two  men. 

Adjustment  of  the  Instrument,  noormally  completed  In  the 
fc,ctoi’7>  consists  of  shifting  the  component  parts  of  the  rectifier 


Fig.  6.  Component  parts  of  modified  Bausch  and  Lomb  rectifier 


Fig,  9»  Modified  Bausch  and  Lomb  rectifier  mounted  in  van- type  truck  body. 


20 


Into  tholr  true  meohanlo&l  allgnaant  1)7  means  of  adjustable  ‘bearings 
to  satlBf7  the  foUotflxig  orltex*lat 

a.  ^Ignment  of  Aacee  of  Botatlon.  The  horlzantal  and 
Tertloal  axes  of  rotation  are  adjusted  so  that  vhen  the  Instrument 
Is  yarled  from  extreme  reduction  to  extreme  magnlfloatlon  vlth 
either  lens,  the  projected  Image  of  the  center  of  the  negatlre  Is 
displaced  less  than  0.020  Inch. 

‘b.  3<»le  of  Projection.  The  neg&tlre,  lens,  and  easel 

planes  are  adjusted  In  such  a  manner  that  the  scale  of  the  projected 
Image  of  a  true  grid  trill  be  true  In  all  dlrectloos  to  an  accuracy  of 
one  part  In  750. 

12.  Operation  of  the  Modified  Bausoh  and  lomib  Beotlfler.  Oper¬ 
ation  of  the  Instrument  Inyolvee  flye  separate  steps,  assuming  the 
rectifier  settings  haye  been  preylously  calculated. 

a.  Film  Hegatlye  Orientation.  The  film  negatlye,  either 
out  or  roll.  Is  oriented  to  the  fiducial  marks  of  the  stage  glass 
(emulsion  side  down) ,  and  Is  secured  by  looking  the  pressure  glass 
Into  place  behind  It. 

b.  Scale  Settings.  Three  angular  scales  (cant  of  nega- 
tlye,  lens,  and  easel)  and  two  linear  scales  (spacing  of  negatlye 

to  lens,  and  lens  to  easel),  must  be  set  for  each  rectification.  It 
may  be  necessary  to  set  an  additional  angular  scale  (swing)  If  the 
negatlye  contains  a  combination  of  tip  and  tilt. 

o.  Adjustment  of  Illumination.  The  projection  ll^ts 
are  adjusted  by  turning  off  those  not  required  until  lualfoim  Illumi¬ 
nation  Is  obtained  on  the  easel.  After  the  safe  filter  Is  placed 
oyer  the  lens,  sensitized  paper  Is  fitted  on  the  easel  In  proper 
orientation,  the  lens  closed,  and  the  filter  remoyed. 

d.  Etposure.  The  lens  Is  then  stopped-down  to  the  de¬ 
sired  opening,  and  the  exposure  Is  made  by  opening  the  shutter, 
such  action  being  accompanied  by  hand  dodging.  If  required. 

e.  Print  Processing.  The  exposed  print  Is  remoyed  from 
the  easel,  deyeloped,  fixed,  washed,  and  allowed  to  dry. 

13.  Calculation  of  Settings.  For  precise  rectification  and 
slmulteuoeous  sharp  focus  In  any  optical  rectification  apparatus, 
certain  geometric  relationships  must  be  set  up  In  the  Instrument  • 
for  the  relatlye  position  and  orientation  of  the  negatlye,  prajec- 
tlon  leiu3,  and  easel;  these  positions  and  orientations  are  depend¬ 
ent  upon  the  camera  focal  length,  projection  lens  focal  length,  and 
the  tilt  of  the  aerial  camera  at  the  Instant  of  exposure.  For  this 
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superstructure  packed  for  transport 


Instrunent,  It  Is  necessary  to  calculate  the  cant  of  the  negatlTs, 
lens,  easel  vlth  respect  to  the  line  hetveen  the  principal 
point  of  the  xieffatlre  and  the  node  of  the  projection  lens,  and  to 
oaloolate  the  spaclngs  hetveen  the  negative,  lexis,  and  easel. 

These  ▼cQ.ues  are  then  set  on  the  scales  and  circles  provided.  For- 
Bulae  for  the  calculation  of  these  settings  (Fig.  11)  are  as  follows 

Sin  tp  ■  I  sin  T 


Sin  t^ 


f  sin  T 
F  M 


Cot 

2 


tan^  ^ 


tan  t 


ft"  ^  ^*ft)  -  i  ft) 


Y  =  tp 

C  *  f  CSC^  A  CSC 
d  ■  f  sec^  X  CSC  "i 

vhere  tan^X  *  M  sec  T  ■  d/c 
In  the  above  fon&ulae 


F  «  focal  length  of  caoera  lens 
f  ■  focal  length  of  rectifier  lens 
T  »  tilt  of  aerial  photograph 
M  •  nagnlflcatlon  ratio 

In  addition  to  solving  the  above  fozmilae  for  setting  the  Instzni- 
nent.  It  Is  necessary  to  apply  a  correction  to  the  easel  distance 
for  the  ziodal  separation  in  the  projection  lens  determined  by  the 
formula 


n'  =  n  (sin  V  ♦  cos  V  cot  ft  ) 
In  \dxlch  n  Is  the  nodal  separation  of  the  lens. 


l4.  Aids  to  Calculation  of  Settings.  One  of  the  military 
characteristics  for  this  development  retulres  that  aids  to  the 
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Fig.  11.  Diagram  of  gaometrlcal  relatione  of  modified 
Baiisch  and  Lomb  rectifier. 
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detenBlnatlon  of  sett  logo  suoh  aa  ncBograas,  charts,  or  ourres  he 
supplied  vlth  the  Ixuitrunezit.  Daring  the  oourse  of  this  derelop- 
aent,  both  a  set  of  ncmograas  (?lgs.  12  throng  19)  >  and  a  olrotOar 
slide  role  (Fig.  20)  were  dereloped.  In  addition,  the  possibility 
of  supplying  a  set  of  cunreB  for  this  purpose  vas  investigated. 

The  oonplete  set  of  nomograas  consists  of  ei^t  20-  by  22- 
Izich  sheets,  of  vhloh  four  are  the  basic  charts,  fmA  irLll  provide 
settings  for  the  cooplete  range  of  rectification,  while  the  remain¬ 
ing  four  are  exaggerated  scales  of  portions  of  the  four  basic  charts 
for  more  accurate  values  of  settings  for  trl-metrogon  photography. 
Beotlfler  settings  may  be  determined  from  the  basic  namogrems  for 
all  tilts  from  0®  to  90®,  for  f/P  ratios  between  0.25  and  2.5,  and 
for  iBollne  magnifications  from  0.3  to  3*0. 

The  circular  slide  rule  consists  of  a  heavy  cardboard  base 
13  inches  In  diameter,  a  central  circular  section  10  Inches  In  diam¬ 
eter  printed  on  thin  cardboard  stock,  and  a  plastic  Indicator;  the 
entire  unit  Is  held  together  by  means  of  a  plastic  center  button. 
Rectifier  settings  may  be  detezmlned  from  the  slide  rule  for  all 
tilts  frcm.  5^  to  70^  and  for  magnificat loxis  between  0.6  and  2.5. 
Construction  of  a  rule  with  tilts  below  5®  Is  not  practlccLL. 

Curves  can  be  plotted  for  each  motion  of  the  irectlf ler  by 
computing  limiting  values  from  the  formulae,  plotting  the  points, 
axid  connecting  them  by  smooth  curves.  Ihls  method  Is  practical 
only  when  the  focal  length  of  the  taking  camera,  the  approximate 
tilt,  and  the  desired  magnification  are  known  prior  to  construction 
of  the  curves;  otherwise,  an  Infinite  nusiber  of  curves  must  be 
supplied. 


Comparison  of  the  nomograms  and  slide  rule  Indicate  that 
their  speeds  of  operation  are  about  equal,  that  is,  approximately 
nine  ootqplete  computations  per  hour.  Accuracies  are  considerably 
better  with  the  nomograms  than  with  the  slide  rule;  for  trl- 
metrogon  photography,  the  average  angular  error  Is  2.5  minutes  and 
the  average  linear  error,  .15  mm;  for  near  vertical  photography, 
the  average  angular  error  Is  6.7  minutes  and  the  average  linear 
error,  2.3  mm. 

Neither  the  nomograms  nor  the  slide  rule  will  give  the  de¬ 
sired  accuracy  where  precise,  geometrically  ooiTect,  rectifications 
are  to  be  made;  however,  either  will  give  sufficient  accuracy  for 
most  applications  of  the  Instrument  and  for  a  rapid  detenalnatlon 
for  checking  purposes. 

15.  Engineering  Tests  and  Results.  Descriptions  oif  the  engi¬ 
neering  tests  conducted  at  the  ERDL  to  determine  the  conformance  of 
the  Instrument  with  the  military  characteristics  and  Its  suitability 
for  service  test  follow; 


Fig.  12,  Nonogrem  for  detemlnatlon  of  values  of  tp  aod 
for  settings  on  modified  Bsosoh  and  Lonib  rectifier* 


Fig.  15,  Konograia  for  detexvloatlon  of  value  of 
for  settings  on  modified  Bausoh  and  Lomb  rectifier. 
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Fig.  lU.  Nomogram  for  determiiiatlon  of  value  of  A  for 
settings  on  modified  Bausch  and  Lonib  rectifier. 


Fig.  1^.  nomogram  for  detexmlnatlon  of  values  of  c  and  d 
for  settings  on  modified  Bausch  and  Logoib  rectifier. 
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Fig.  l6,  Kamogram  for  determination  of  values  of  tp  end  t^ 
for  high  ohllque  photography  to  he  set  on  modified  &iU80h 
and  loah  rectifier. 
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Fig.  17.  Nomogram  for  detormlxiatlon  of  value  of  oc  «  ^ 
for  hl^  ol>llque  photography  to  he  set  on  modified  Bausoh 
and  Lomh  reotifier. 


Fig.  18,  Nomogram  for  determination  of  valtie  of  A  for 
high  ofblique  photography  to  he  set  on  modified  Bausch  and 
Lonib  rectifier. 
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Fig.  19.  Koiaograa  for  determixiatlon  of  values  of  c  and  d 
for  hl^  oblique  photography  to  he  set  on  modified  Bausch 
and  Lonib  rectifier. 


Fig.  20.  Slide  rule  for  determination  of  values  for  set¬ 
tings  on  modified  Bausch  emd  lomb  rectifier. 


a.  Parfyanoe  Charaoterlatlea.  Boutina  lalMoratcav 
proeadures  irara  uaa4l  to  oliaok  tha  par^onHUsoa  oharaotarlatloa  of  tha 
InatruBoat. 


(1)  Ayraoy  of  60^  Beotlfloatlon..  Tha  roctlflar 
vaa  sat  up  vlth  ilto'  ealoulatad  eoale  mtuae  for  tha  4^1noh 
Iona,  a  true  perapaotlTa  grid  drawn  at  a  6o^  tilt  waa  oriented 
on  tha  fiducial  ■arka,  and  the  projected  IJMga^  of  the  grid  waa 
oenq^ared  to  Ita  theoretically  correct  ahape  dlaanalona  at 
an  laollna  acale  of  1:1.  llie  reaulta  of  thla  teat  are  ahown 
In  Tig.  21,  In  i^ch  tha  arrow  Indlcatea  the  direct  Ian,  and  tha 
nuoaral  the  anount  of  error  In  BllllBetere.  In  general,  tha 
error  Introduced  hy  the  rectification  proceaa  will  he  leaa 
than  the  error  Introduced  hy  Inherent  inaccuraelea  In  determin¬ 
ing  tha  exact  tilt  angle. 

(2)  Lana  Dla  tort  Ion.  The  dlatortlon  In  the  and 
7-litoh,  focal  length  lenaea  la  ahown  In  Ihhle  I.  Theae  dlator* 
tlona  were  detezmlnad  hy  parojectlng  a  naater  acale  of  known  dl- 
menalona  through  the  lena  and  expoalng  tha  Image  on  white  pig¬ 
ment  haae  acetate  for  maaauremant.  The  dlatcrtlcn  la  expreaaed 
In  mlUlmetera  at  the  acale  of  the  projection,  poaltlwe  waluea 
Indicating  that  the  Image  la  dlaplaoed  radially  outward  fran 
the  center  with  reapeot  to  Ita  dlatortlon  free  poaltlon.  The 
eatlmated  accuracy  of  theae  neaaurenents  la  ♦  0.02  mnu 

Table  I.  Lens  Llatortlcnx  at  Tvo-dlameter  Magnification 


Dlatanoe  Out  from  Center  of  Poaltlve  (aalj 


Lens 

0 

50 

100 

150 

200 

250 

4i-lnch 

-0.08 

-0.13 

-0.18 

0.00 

♦0.35 

7  -Inch 

♦0.03 

♦0.03 

-0.01 

-0.04 

-0.04 

(3)  Lena  Reaolutlon.  The  resolving  power  of  the 
and  T-iBch  projecting  metrogon  lenses  Is  shown  In  Table  II  for 
a  2-dlameter  enlargement.  These  veGues  were  obtained  hy  expos¬ 
ing,  on  film,  resolution  teu’gets  contalzilng  patterns  of  lines 
spaced  2,  3,  5,  6,  8,  10,  I5,  16,  20,  25,  32,  ^0,  50,  63, 

and  80  lines  per  aillllmeter.  The  results  Indicate  the  znoiber 
of  lines  per  millimeter  resolved  tangentially  and  radially.  In 
the  negative  plane,  at  various  angles  from  the  center  of  the 
field.  The  lenses  were  set  at  f/U  opening  for  theae  tests. 

(k)  Banige  of  Beotlfloatlon.  Ihe  range  of  rectifica¬ 
tion  of  the  modified  Instrument  Is  shown  In  Tig.  22.  In  this 
figure  the  Isollne  magnification  Is  plotted  against  the  tilt; 
the  range  required  hy  the  mllltairy  characteristics  la  shown  by 
the  cross  hatched  area. 
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Ta'bla  U.  Radial  and  Tanflentlal  Lena  Reaelatlon 
at  Tvo-dlaaater  Hignlfleatlon. 


Angle 

6* 

10* 

“558 — 

-Tjgi — 

Orientation 

R 

T 

R  T 

R 

T 

R  T 

R  T 

Resolution  of  7*lnoh  lens 

50 

50 

VJI 

o 

VJI 

o 

32 

32 

20  20 

(lines  per  nt) 

Resolution  of  44- Inch  lens 

50 

50 

50  50 

40 

40 

25  25 

20  20 

(lines  per  bob.) 

'b.  Operatlanal  CiharaoterlatloB.  nie  InB-bruaent  baa  been 
operated  by  pereonnel  of  the  SkDL  as  veil  as  by  peraonnel  of  the 
Aragr  Nap  Serrloe)  for  the  reotlfloatlon  of  sear  Tertloal,  split 
yertloal,  and  trl-aetrogon  photography.  These  Jobs  Inolndedt 
(l)  notification  of  79  trl-»etrog(m  oblique  segatlyes  for  the 
Aeronaatlcal  Chart  Serrloe;  (2)  rectification  of  1?  trl-netrogon 
obUqpe  negatives  to  Include  from  the  vertical  for  the  Aero¬ 
nautical  Chart  Service;  (3)  reotlfloatlon  of  213  trl-netrogon 
oblldue  negatives  by  AIB  for  a  shingle  apsalc  laydovn;  and 
(k)  reotlfloatlon  of  numerous  split  vertical  and  near  vertical 
photographs  for  test  purposes.  The  operational  characteristics 
were  determined  from  observations  made  during  the  actual  production 
of  rectified  prints  rather  than  by  specific  tests.  • 

(1)  Exposure  Tine.  Elg.  23  Indicates  the  approxi¬ 
mate  exposure  tlises  required  for  trl-netrogon  obliques  of 
average  density.  For  a  given  print,  the  exposure  tine  Is 
affected  by  a  number  of  variables  such  as  tilt  of  negative, 
density  of  negative,  nuniher  of  fluorescent  tubes  used,  lens 
stop,  type  of  paper,  and  amount  of  hand  dodging,  so  that  the 
exact  tine  required  for  any  print  nust  be  deteiidned  to  some 
extent  through  operator  experience.  In  general,  the  exposure 
tine  vas  found  to  decrease  eis  the  angle  of  tilt  was  decreased, 
so  that  for  near  vertlceU.  photography  It  was  In  the  neighbor¬ 
hood  of  1  to  10  seconds. 

(2)  Print  Quality.  Appendix  C  is  a  sample  of  a  con¬ 
tact  print  and  one  of  a  rectified  print  of  a  trl-netrogon 
oblique  negative.  The  quality  of  the  print  Is  sufficient  for 
either  small-soale  nap  compilation  or  mosaic  asseiiblles  with 
emgles  up  to  70^  from  the  plumb,  and  In  sons  cases  can  be  used 
with  angles  up  to  75®. 

(3)  Rate  of  Produotlcfli.  Records  of  the  work  per- 
fomed  with  this  InstzWent  show  that  an  operator  can  rectlf^^ 
at  least  32  prints  per  8-hour  day.  Assuming  the  photography  to 
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>e  6-lzu}h  focal  length,  flonm  at  an  altitude  of  20,000  ft, 
vlth  a  tilt  of  60^  frcK  the  plmah,  then  a  single  rectified  20- 
hy  24- inch  print  represents  a  groimd  corerage  of  approxlaately 
170  square  nlles,  and  a  atrip  of  32  eonseoutlTe  rectified 
prints  represents  a  ground  oorerage  of  approxisiately  1000 
square  miles,  assuming  the  photographs  were  made  such  that  the 
Tertlcals  contained  an  overlap  of  60  percent,  and  that  the 
rectified  prints  vere  used  up  to  an  angle  of  73^  from  the 
plud). 


o.  Road  Tests.  Road  tests  vere  carried  out  in  two 
phases s  130  miles  over  good  roads  at  speeds  ranging  from  30  to  30 
mph;  and  I30  miles  over  secondary  roads  at  speeds  of  10  to  30  mph. 
At  the  conclusion  of  each  phase,  the  instrument  vas  ohecked  tor 
alignment  and  adjustment  hy  projecting  a  perspective  test  grid  onto 
the  easel  and  ccnparlng  the  image  to  its  original  size  and  shape 
prior  to  truck  mounting.  Tbs  results  of  these  tests  shoved  that 
there  vas  no  appreclahle  change  in  callhratlon  or  adjustaaent  re¬ 
sulting  from  the  truck  teste.  There  vere  no  mechanical  failures  in 
the  instrument. 

d.  Lov-  and  Hlgh-temperature  Storage  Tests.  The  recti¬ 
fier  vas  tested  for  storage  under  extreme  temperature  conditions  hy 
subjecting  it  to  both  lov  and  high  tempezatures  in  the  EKDL  Temper- 
ature  Test  Chainber.  Ror  the  lov- temperature  test,  the  temperature 
vas  reduced  to  -25,  -50,  and  -80  F  vlth  an  8-hour  soaking  period  at 
each  of  these  temperatures.  Iholudlng  the  time  required  to  reduce 
the  temperatiire  of  the  test  chamber,  the  instrument  remained  at  sub¬ 
zero  temperatures  for  a  total  period  of  55  hours.  For  the  high- 
temperature  test,  the  temperature  vas  raised  to  163  F  and  vas 
soeJEed  for  8  hours  at  a  relative  humidity  of  45  percent.  In  all, 
the  instrument  vas  subjected  to  above  xiormal  temperatures  for  a 
period  of  13  hours.  The  Instrument  vas  examined  for  failures  at 
“25,  and  -50  F  as  veil  as  at  the  conclusion  of  both  high-  and  lov- 
temperature  tests.  There  vere  no  mechanical  failures  resulting 
from  the  lov-  and  high- temperature  storage  tests. 

e.  Radio- interference  Suppression  Tests.  The  instru¬ 
ment  vas  tested  for  radio  Interference  by  Signal  Corps  persozmel 
from  the  Coles  Signal  Laboratory,  Red  Bank,  R.  J.  Rolse  of  an  ob¬ 
jectionable  level  vas  noted  over  the  frequency  range  .35  through 
156.0  megacycles  using  standard  Signal  Corps  test  equipment.  The 
Instrument  vas  suppressed  by  means  of  line  filters  and  capacitors, 
and  by  proper  bonding  to  a  suitable  ground.  Further  tests  shoved 
that  the  suppression  system  attenuated,  to  a  satisfactory  level, 
radiated  interference  over  the  frequency  range  of  .35  to  156.O 
megacycles.  Technical  Memorandum  M-1227,  "Radio  Intezference  Sup¬ 
pression  of  Rectifying  Projection  Printer,"  dated  26  Septsjnber  1^9, 
prepared  by  the  Signal  Corps  Engineering  Laboratories,  Fort  Monmouth, 
N.  J. ,  covers  the  suppression  tests  on  this  Instrument. 


23.  Exposure  time  for  trl-metrogon  rectification  using 
modified  Bausch  and  T^yrfh  rectifier. 
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f.  Mlldev  and  Fungus  Besletance.  Inyest lotion  of  the 
reslBtaooe  of  the  rectifier  to  alldev  ajofl  fua^oe  growth  Indloatea 
that  all  parts  of  the  Inetzooent,  except  the  projection  lenses,  are 
of  a  mterlal  coxered  hy  Federal  specifications  regarding  treatment 
for  resistance  to  fungus  growth.  At  the  present  tine,  there  Is  no 
satisfactory  method  for  treating  lenses  of  the  type  used  In  this  In¬ 
strument  for  permanent  resistance  to  attack  hy  fungus. 

l6.  Draylny  and  Specif loat Ions.  A  complete  set  of  detail 
drawings  (D  are  currently  helng  prepared  for  this  equipment 

at  the  XRDL.  Corps  of  Inglneers  specification  titled,  "Printer, 
Photographic.  Horizontal  Projection,  Beotlfylng,  Tilts  under  70  De¬ 
grees,  for  9h  Inch  Aerial  Boll  Flljz,"  the  standi^d  nomenclature  for 
this  Item,  Is  also  In  the  process  of  preparation. 


HI.  D3BCIBSI0N 

17.  Compliance  with  Military  Characteristics.  The  exiglneerlng 
tests  hare  shown  that  the  modified  Bausch  and  LooBib  rectifier  compiles 
with  the  requirements  of  the  appro7ed  military  characteristics  as 
listed  In  Appendix  A.  The  Instrument  was  also  checked  for  compli¬ 
ance  with  those  additional  military  characteristic  requirements 
which  are  now  standard  for  all  types  of  military  equipment.  These 
Include  resistance  to  extreme  temperature  conditions,  radio  Inter¬ 
ference  suppression,  air  portahlllty,  and  mildew  and  fungus  resist¬ 
ance.  The  engineering  tests  demonstrated  that  the  Instrument  meets 
the  reqiilrementB  for  extreme  temperature  conditions,  and  Is  satis¬ 
factorily  suppressed  to  meet  the  radio  Interfezence  suppression  re¬ 
quirement.  Weight  and  size  are  suitable  for  air  transportability 

In  any  phase. 

Investigation  of  the  rectifier's  resistance  to  mildew  and 
fungus  growth  Indicates  that  all  parts  of  the  Ixistrunent,  except 
the  projection  lenses,  are  of  a  material  covered  by  Federal  specifi¬ 
cations  regarding  treatment  for  reslstaiwe  to  fungus  growth,  and  can 
be  so  treated  In  future  procurement.  At  the  present  time,  there  Is 
no  satisfactory  method  for  treating  lenses  of  the  type  xised  In  this 
instrument  for  peimanent  resistance  to  attack  by  fungus.  As  a  con¬ 
sequence,  It  Is  proposed  that  the  Instrument  be  supplied  with  the 
lenses  placed  In  a  special  tropical  pack  to  protect  them  from  fungus 
until  the  Instrument  Is  set  up  for  \ise.  When  put  In  operation  In 
regions  where  the  lens  will  be  attaolrad  by  fungus  and  mildew.  It 
will  be  necessary  to  remove  the  lens  periodically  for  a  thorcnigh 
cleaning,  an  operation  that  should  require  only  a  few  minutes. 

18.  Operatloca.1  Aids  and  Training  Publications.  Since  the 
proved  to  be  a  more  satisfactory  aid  to  the  calculation 

of  settings  than  did  the  slide  rule,  because  they  cover  the  canq>lete 


rcuige  of  the  rectifier  and  ]px>Tlde  more  aco\irate  results,  oonplete 
sets  of  namograms  vlU  he  furnished  vlth  each  Instrunent.  The  ncno- 
graine  vlU  he  printed  on  a  heavy  paper  base  as  this  nedltm  vlU 
satisfactorily  withstand  the  temperature  irequlrements .  However, 
since  the  paper  may  tend  to  wear  out  and  deteriorate  with  use.  It 
Is  proposed  that  five  complete  sets  of  nomograms  he  furnished  with 
each  Instrument. 

The  basic  principles  of  the  rectification  prooess  are  set 
forth  In  TM-5-2^0.  However,  It  will  he  necessary  to  prepare  a  tech¬ 
nical  manual  on  the  operation  and  malntexianoe  of  the  Instrument. 

19.  Service  Tests.  Correspondenoe  from  Headquarters,  Army 
Field  Forces  Indicates  that  the  results  of  engineering  tests  will 
he  acceptable  without  subjecting  the  equipment  to  further  service 
testing.  A  copy  of  this  oorrespozidexice  Is  contained  In  Appendix  A 
to  this  report. 

The  engineering  tests,  to  detezmlne  the  suitability  of 
the  Instrument  for  Its  Intended  service  use,  were  conducted  as 
operational  tests,  and  consisted,  for  the  most  part,  of  the  produc¬ 
tion  rectification  of  trl-metrogon  obliques.  It  Is  believed  that 
this  will  be  the  major  application  of  the  Instrument,  In  view  of 
the  prospective  availability  of  the  autofocus  rectifying  projection 
printer  thct  was  recently  developed  under  a  different  project, 
especially  for  producing  mosaic  work  from  photography  of  lower 
tilts.  These  production  rectifications  were  performed  by  various 
personnel  and,  in  all  cases,  the  modified  Bausch  and  Lonib  rectifier 
satisfactorily  performed  the  function  for  which  it  was  developed. 

The  truck  tests  have  demonstrated  that  the  design  of  the 
Instrument  Is  suitable  for  withstanding  the  rough  treatment  of  field 
use  as  there  was  no  part  breakage  or  other  mechanical  failure.  In 
addition,  the  Instrument  retained  Its  ccd-lbratlon  throughout  the 
tests  and  did  not  require  readjustment  because  of  wear  or  for  any 
other  reason. 

20.  Standar dl zat Ion .  Since  the  modified  Baxisch  and  Lomb  rec¬ 
tifier  meets  the  requirements  of  the  military  characteristics.  It  Is 
considered  to  be  suitable  for  standardization  as  adopted  type, 
standard  type. 

a.  Basis  of  Issue.  Vertical  or  near  vertical  mapping 
photography  Is  normally  preferred  for  mapping  applications.  Where 
It  is  desired  to  rectify  such  photography,  the  autofoous  rectifier 
when  standardized,  should  be  suitable  for  this  purpose.  However, 

2^  ERDL  Beport  1124,  Interim  Beport,  Bevelopment  of  Autofocus 
Rectifying  Projection  Printer,  13  May  1949. 


oondltloziB  mj  to  such  that  xioar  Tortloal  photography  la  nalthor 
praotloal  or  poaaltle  to  obtain,  aa  waa  truo  in  certain  inatanoea 
dcrisg  the  paat  var*  In  auoh  inateuioea,  split  rertloal  or  trl- 
oetrogon  photography  aaa  reaorted  to.  Since  the  nodlfled  Banach 
and  Ticnb  rectifier  la  the  only  equipment  vhlch  vlll  accoBBodate  the 
higher  tilt  photography.  It  la  eaaentlal  that  this  Inatrunent  be 
ayallable  to  unite  vhen  required.  Consequently,  It  is  proposed 
that  the  Instrument  be  classified  aa  a  Class  17  Item  for  special 
issue.  This  classification  la  substantiated  by  correapoxidenoe  from 
Headquarters,  Amy  Field  Forces  shown  In  Appendix  A. 

b.  Additional  Infomatlon  Required  for  Standarditation. 
Additional  infomatlon  required  for  standardization  together  with 
the  approved  military  oharaoterlatloa  la  shown  in  Appendix  B. 

21.  Personnel.  Operation  of  the  equipment  breaks  down  Into 
tvo  categories 8  (l)  determination  of  tilt  angles  and  rectifier 

settings;  cmd  (2)  printing  the  projected  image  of  the  neffttlve. 

The  Aerial  Phototopographer,  MOS  (00*^),  should  be  well  qualified  to 
perfom  the  first  task,  while  the  Photographic  labomtcry  Technician, 
(9^^);  can  perfom  the  latter  one.  Appendix  I)  shows  a  detailed 
description  of  these  Jobe, 


17.  COHCLtBIOlB 

22.  Conclusions.  It  is  concluded  that; 

a.  The  modified  Bausoh  and  Lomb  rectifier  conforms  to 
the  requirements  of  the  military  characteristics  for  this  develop- 
ment. 


b.  The  modified  Batisoh  and  Lamb  rectifier  Is  suitable 
for  standardization  as  adopted  type,  standard  type,  and  as  a  Class 
n  item  of  supply. 

c.  Personnel  nomally  assigned  to  topographic  units  are 
capable  of  operating  the  modified  Bausch  and  Lomb  rectifier. 


7.  RECOiWEHDATIOKS 

23.  Becommendatlons .  It  is  recommended  that; 

a.  The  modified  Bausoh  and  Loscib  rectifier  be  standardized 
as  adopted  type,  standard  type,  and  be  stocked  as  a  Class  17  Item  of 
supply. 


b.  This  project  be  cikoed 
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Forwarded  tji 


Chief,  Photograanetrlo  Braiaoh 


Approved  13  March  19^0  hj: 
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Frojeot  Card  (ISIB  Fern  lA) 

Carrespoodeixee  Begardlng  tha  Ulsizuttloa 
of  Serrloe  Testiag 
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FhotogrMMtrie  Map  aad  Chart  Coapila- 
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Bner.  Baa.  A  Dar.  laiboratoriaa 
Fred  P*  Milloox,  Bathaada*  Md. 
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Anay  Qrouad  Poraaa  (C) 
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raetii^ing  oaaiara  oapabla  of  raotlfylng  aortal 
photography  with  tllta  up  to  70  dagreaa  from  the  vartloal  la  raquirad  to  allow 
«ia»4inin  utiUtatloB  of  trl-BMtrogon  photography  for  raeoanalaaanoa  aapplag, 
otertlog  and  moaalo  worko  Thla  davalopment  may  raault  In  a  raotlfiar  df  auoh 
mrked  ai^arlority  orar  axlatlng  itana  that  ooaplata  raplaowtaat  would  ba 
Juatiflado 


r.^1  'kJT'  ,  ■.  V 


BSPBBBHCESs 

(1)  Latter  froai  the  Praaidant,  the  Boglnaar  Board  to  the  Chief  of  Engtaaera 
dated  14  «kua  1944«  Subjaot*  "Tranamlttal  of  Bhginear  Board  Baport  on 
Raotlfylng  Projaotlon  Camara  oonatruotad  at  the  Aiglnaar  Board*,  with 
3  Inoloauraa  and  S  Indoraamantao 

OBJECTIVE i 

(1)  Daval<^ant  of  a  raotlfylng  oamera  In  which  la  inoorporptad  tiia  range 
raquirad  for  raotlfylng  6-lnoh  fooal  length  wide  angle  photography  with 
tllta  up  to  70  dagreaa  from  the  vartloal  and  for  raotlfylng  12  Inoh  fool 
length  photography  with  tllta  up  to  30  dagraea. 

MILITART  CBlRACTESISflCSi 

(1)  ^a  raotlfiar  ahall  ba  capable  of  raotlfylng  9  Inoh  by  9  Inch  aerial 
photography  of  approKlmately  6-lnoh  fooal  length  with  tllta  up  o  70** 
from  the  Tartloal, 

(2)  The  raotlfiar  ahall  ba  oapabla  of  raotlfylng  9  inoh  by  9  inoh  aerial 
photography  of  approximately  12-inoh  fooal  length  with  tllta  up  to 

30®  from  the  Tartloal.  ^ 

(3)  The  aoouraoy  of  the  raotlfiar  ahall  ba  auoh  that  the  raotlfiad  prints 

produoad  therewith  will  ba  of  suffiolant  aoouraoy  for  photogra]imatri< 
purpoaaa. 

(4)  ^ha  raotlfiar  ahall  hava  a  magnifioatlon  range  of  at  least  0.9  to  1.1 
idwn  raotlfylng  photography  of  high  tilts  and  a  magnifioatlon  range 
of  from  0.6  to  2.5  whan  raotlfylng  photography  with  tilts  up  to  20®. 

(5)  ^'he  raotlfiar  shall  ba  of  a  type  and  sisa  as  mnall  as  possible  to  be  1 
oonslstent  with  good  design.  Weight  of  the  Instruamnt  shall  ba  held 
to  a  minimum  oonslstent  with  the  functions  required. 
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(6)  TIm  iiwtn—it  itell  of  all  Mtel  rlcid  ocMtraatloa* 

(T)  Ito  rcaUflai*  Aall  !»«•  l»Wr<lifabl>  !•■■•••  om  o#  aldoli  ahall  to 
of  opproKlHctolx  4j^la«h  f ooal  loasto  oad  ooitoblo  tor  rooblfytoC  bto 
9  lato  tagr  9  laoh  oia-lBsli  ptMtocropkjr  aftth  Id^  tilts.  Ito  ottor  Isas 
ttoll  to  of  apprtalaatoljr  S^oh  ftoal  IsBftb  sad  soltablo  for  oso  la 
rootliyias  tto  9  laoh  by  9  lash,  taolvo-iaoh  ftool  loa(to  pbotograpby 
oad  tto  ala-lash  phobocraphy  of  loo  tilts. 

(8)  Tto  rsotlflor  atoll  bo  sqoippsd  toth  suitablo  asalsa  by  aaaaa  of  ohish 
too  rsotlflor  aay  to  sot  to  prodotstadasd  data  sad  toaas  aoalsa  shall 
to  suah  that  tto  osapotatioes  asosasary  f«r  datomlalac  ttoir  ssttlass 
aro  rsdoSsd  to  a  aiaiaui.  Alda  to  ths  dotondaatloaa  of  aottlaga  tosro 
osOyotatlea  la  asoossary.  auoh  aa  asaocraas*  oharts  or  oarroa  olU  bo 
faraishad  olth  tto  lastraasat. 

(9)  Tto  sasol  shall  bo  of  tto  aasaiai  f raaa  typo  a^  ao  larfor  thaa  aoo- 
saaary  to  aoooaaodata  tto  rootlfloatioaa  aad/or  aalarsoasata  apoolflsd 
aboTS. 

(10)  Tto  llpht  aouroa  atoll  bo  of  ataadard  fliMrsaoaat  tubas. 

ill)  Tto  rsotlflor  atoll  bo  ao  ooaatruotod  tost  aasy  asooas  aay  bo  had  to  ths 
as(atlao  atayo  odthout  dlsaoatllac  aay  part  of  tto  laatrwant.  for  ths 
pwpoos  of  ohaiiclac  aad  orloatlac  aacatlrsa. 

(18)  Tto  rsotlflor  shall  tsto  both  roll  aad  out  fl  la. 

(18)  Tto  doalch  aad  ooaatraotloB  of  tto  taatwawnt  atoll  to  aa  sl^pls  as 
poaalblo  ooaalatont  tothths  ro^lraasats. 

(14)  Tto  ooastruotlaB  shall  ooetaia  a  alataaa  of  atratoylo  sad  orltloal  aa- 
tsrials  ooaaiatoab  odth  tho  f  uaotloas  roquirod. 

(18)  ddoquato  laatruotloaa  for  aaaoably.  oparatloa  aad  aalat^Baaos  shall  bo 
fwalshod  with  tbs  laatruasat. 

(16)  Ito  rsotlflor  atoll  to  ao  dsal^wd  that  it  oaa  to  dlaMBtlod  la  soetloas 
for  paoklaK  la  8  or  8  oarrylag  ohaato. 
d.  DZBCIBSZOVt 

(1)  RofaroBBo  a  (1)  traasaits  roport  oa  prollalaary  work  of  toylnaor  Board 
oa  a  rsotlfyiag  oaaora  aad  roiiiiiaaada  opsaiag  doTolopaoDt  projoot. 
Fourth  iBdoroaasBt  froa  Bq..  djny  Sorrloo  Forosa  to  Chiof  of  Ibglaaora 
datsd  88  Ihroh  1944  approvaa  projsot  aad  allltary  oharaotarlatloa . 

(8)  dgoaoZas  iatoroatad  la  this  projsot,  la  addlttoa  to  tto  Qffloa.  Chiof 
of  toglaaora.  aro  Uay  Oroual  Forosa.  topartaaot  of  tho  dir  Foroo  aad 
Hydrocraphlo  Offloo.  Dapartooat  of  tlio  Bary. 
a.  nOJBCT  FUlt 

(l)  Tuo  pilot  aaohlass  tors  bosa  obtaiaod  aad  snbjaotod  to  oxtoaslro  oagl- 
assrlag  toots,  uhleh  ladloato  diat  oaa.  with  aodlfleaticaa.  probably 
ulll  asst  ailitary  roqulroaaita. 

(8)  Tto  Boat  proaAalag  pilot  aodsl  toll  bo  aodlflad  to  raady  dsfoota  dia- 
olossd  by  oaglBoarlag  toots. 

(8)  Tto  aodlflad  pilot  aodsl  toll  bo  adbjootod  to  farthor  oagiaaoriag  toots 
aad  thsa  to  aorrloo  toots  by  iatorsatod  afoaolos. 

(4)  Flaas  aad  apaoifloatloaa  of  tto  flaal  aodsl  will  to  proparod  aad  roooa- 
aaidatloaa  atoailttsd  to  tto  Ohisf  of  Siigiaoora  rogardiag  olaaalfloatioa 
of  oqilptoat  astloa.  basis  of  Isous  aad  oalatlas  produetloa  faoilitlos. 
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SUBJICT:  Traaralttal  of  Serrloa  Test.  Caard  an  Beetlfying 
Caaera,  Prejeot  8-35“05*001 

nan  (19  Apr  ^^9)  2nd  Ind 

Office  ef  the  Chief  of  Inglneera,  Washington  2^,  J>,  C«, 
k  October  19^9 

TO:  Ccanandlng  General,  The  Engineer  Center,  Fart  Belvolr,  Virginia 

1.  Beferezioe  is  Bade  to  letter  dated  16  August  19^9»  EHGIE  to 
Chief,  Amgr  Field  Forces,  8ta>Jeet:  '^rylce  Test  of  Printer,  Photo¬ 
graphic,  Horizontal  Projection,  Bectlfying,  Tilts  under  70  Degrees, 

9-1/2  Inch  Boll  Flln,  Project  8-35-03-001,”  vlth  throe  IndorseBents , 
copies  of  which  are  Inclosed. 

2.  The  Amy  Field  Forces  Indicate  In  the  reference  correspond- 
enoe  that  resiilts  of  engineering  tests  of  the  subject  equipment  will 
be  acceptable  without  subjecting  It  to  further  serrloe  tooting,  and 
reocnniend  that  it  be  classified  as  a  Class  IV  Item  for  special  Issue. 

3.  In  ylew  of  the  above,  the  Item  has,  by  mutual  agreement 
with  the  Engineer  Besearoh  and  Development  laboratories,  been  deleted 
from  the  Engineer  Service  Test  Procurement  Program  for  1950  and  pro¬ 
posed  action  for  establishment  of  a  Service  Test  Project  for  the  item 
has  been  canceled. 

U.  It  Is  proposed  that  classification  action  and  termination 
of  Project  8-35-O3-OOI  be  initiated  as  soon  as  practicable.  However, 
prior  to  proceeding  with  the  above  actioa,  completion  euod  submission 
of  the  following  are  required  of  the  Engineer  Besearch  ajid  Development 
Laboratories; 

a.  Final  report  on  Development  Project  8-35-03-001, 
Bectlfylng  Camera. 

b.  Procurement  specifications  and/or  drawings. 

BY  ORDEB  OF  THE  CHIEF  OF  ERGINEEBS: 

3  Incls  D.  G.  HAtMCHD 

1.  SubociBRlttee  Mamo  It.  Colonel,  Corps  of  Engineers 

2.  Draft  of  Proposed  Chief,  Engr  Besearch  &  Development  Dlv 

ST  Card  Military  Operations 

Added: 

3.  Cy  Itr,  l6Aug  1^9,  SHGIE 
to  Ch/AFF  w/3  Inds 
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ATTEC-Xog  U3.5(16  Aas  ^9)  3r4  TxA 

Subject:  Serrlee  ITeat  of  Printer ,  Phetographlo,  Horltental 
ProJeetiaiiy  Rectifying,  Tllte  under  70  Degrees 
9  1/2  Inoli  Roll  film,  Prejeeft  8-35-03-001 

Office,  Chief,  Amy  Field  Foreee,  fert  Jfanree,  Vlx^lnla, 

20  Sep  k9 

TO:  Chief  of  Fnglaeera,  Departoent  of  the  Aray, 

ATTR:  linglneer  Re8ear‘)h  ahA  Deyelopaent  Dlrlalon 

1.  With  reference  to  paragraph  ^  of  the  basic  oorrespsiBdenoe, 
Aray  Field  Forces  vlU  accept  the  results  of  the  engineering  tests 
of  the  subject  e^ulysunt  vlthout  subjecting  It  to  further  serrlee 
testing. 

2.  At  the  present  line  there  Is  no  flra  T/obk  requlreaant 
for  this  item  by  AFF  units.  It  Is  reooaaended  that  It  be  classi¬ 
fied  as  a  Class  17  item  for  special  Issue  pending  olarlflaatlsn  of 
t/o&£  re^ulreaent. 

FOR  THE  CEJEF,  ARM?  FIEI2)  FORCES: 


/s/  Fraaok  V.  Roberts 
FRAREV.  RCBER35 
Lt  Col  AGD 

Asst  AdJ  Gen 
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ATTEC'Sng  ifl3.5(l6  Aug  49)  lat  IM 

Subjects  Serrloe  Test  of  Prlxiter,  Fhotegrai^o  Horizontal 
Projection,  Heotlfjrlng,  Tilts  under  70  Degnee, 

9  1/2  Inch  Boll  PllJZ,  Project  8-35-03-001 

Office,  Chief  of  Armj  Pleld  Poroes,  Port  Monroe,  Ya.,  23  Ang  49 

TOs  President,  APP  Hoard  lo.  2,  Port  fioox,  Xentuoky 

The  haslo  ooxTespondenoe  Is  forwarded  for  your  ooanents  euad 
reocnmendatlons  relative  to  the  deslrahlllty  of  further  servloe  test¬ 
ing  of  the  suhjeot  equipment  hy  APP. 

POR  TBS  CHIEP,  ABMf  PIEIZ)  POBCES; 

/s/  Bell  M.  Mztzger 
BEIL  tL  MdTZCSER 
Lt  •  Col  AGS 
Asst  AdJ  Gen 


AKCE  413.53  (16  Aug  49)  2nd  Ind 

Subjects  Servloe  Test  of  Printer,  Photographic  Horizontal 
Projection,  Bectlfylnt,,  Tilts  under  70  Degrees, 

9  1/2  Inch  Boll  Film,  Project  8-35-03-001 

Amy  Field  Forces,  Hoard  Bo.  2,  Fort  Knox,  Kentucky, 

8  Sep  49 

TOs  Chief,  Amy  Field  Forces,  Fort  Monroe,  Virginia 
ATTB;  Assistant  Chief  for  Develoipents 

Subject  equipment  Is  of  such  a  nature  that  thorou^  englneer- 
lx]g  tests  fulfill  the  requirements  of  field  tests.  After  conference 
vlth  personnel  of  the  Engineer  Besearch  and  Development  laboratories 
this  board  believes  that  their  engineering  test  should  be  accepted 
and  that  no  service  tests  should  be  undertaken  by  Amy  Field  Forces. 

FOB  THE  PRESIDEBT: 


/s/  S.  G.  Brown,  Jr. 
S.  G.  HBAfB,  JB. 
Lt  Col,  Cav 
Executive 
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ergh  i6  Avgniit 

SUBJECT:  Ser7lee  Teat  of  Printer,  Fhotographle  Bdorlzontal 
Projection,  Beetlf^lng,  Tilts  Tsoder  JO  Degrees, 

9h  Inch  Roll  Rlla,  Project  8-35-03-001 

TO:  Chief,  Army  Pleld  Poroes 

Fort  Nanroe,  Virginia 


la  Beferenoe  Is  node  to  dth  Indoreenent,  dated  2  Itaroh  19^9^ 
file  ATTEC-Eng  413.53  (25  Oot  48),  froan  the  Chief,  Amy  Field  Feoroes 
to  Chief  of  Engineers,  ahove  sid)Jeot,  retnestlng  that  yoor  off lee  be 
notified  vhen  a  nedel  of  the  subject  printer  beocsies  aTallable  for 
serrloe  tests. 

2.  Ibe  subject  Itea  of  equlpaent  has  undergone  oea^lete  and 
thorough  engineering  tests  at  the  Engineer  Besearoh  and  DeTolopnent 
Lahoratorlea  ana  meets  the  requirements  of  the  military  character Is - 
tics  except  that  the  lens  Is  not  fungi -proofed.  At  the  present  there 
Is  no  satisfactory  method  for  treating  lenses  of  the  type  used  In  this 
instrument  for  pezmanent  raslstanoe  to  attach  by  fungi.  Da  addition 
to  the  military  characterletlce  stated  on  Project  Caird  Ho.  8-35  *03-001, 
the  subject  printer  vlU  also  meet  the  present  general  requirements  for 
operation  and  storage  under  extrema  temperatures  and  fcr  radio  suppres¬ 
sion. 


3.  It  Is  the  opinion  of  this  office  that  standardization  of  this 
equipment  could  proceed  without  further  extended  tests  by  the  Army 
Field  Forces.  It  is  belleyed  that  It  should  be  classified  as  a  Class 
IV  item  for  special  Issue  If  the  requirements  for  Issue  to  all  topo¬ 
graphic  units  are  not  flzm  at  this  time. 

4.  Confirmation  of  the  desire  of  Arxny  Field  Faroes  to  serrloe 
test  the  subject  rectifying  printer  in  view  of  the  above  comments  Is 
requested. 


FOB  THE  CHIEF  OF  EHGIHZEHS; 


D.  G.  HAtfiOHD 

Lt.  Colonel,  Corps  of  Engineers 
Acting  Chief,  Engr  Bes  &  Dev  Dlv 
Military  Operations 
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arcBHmci  mqdirp  tor  snomifflDiZATiKar 


lafonatlflCL  required,  for  olaefllfloatioia  of  a  asv  Iten  of 
equlpMsb  la  given  ImIov: 

1.  ACTroved  HLlltary  Charaoterlfltloe.  The  apj^rored  military 
oharaoterlstloa  for  the  Printer)  HiotographiO)  Eorieootal  Frojeotioc.) 
Beotif^lng  are  aa  follows: 

a*  ISie  reetlfler  shall  he  oapahle  of  rectifying  9  iaeh 
hy  9  inch  aerial  photography  of  approximately  6-lnoh  fooal  length 
with  tilts  up  to  70^  fraa  the  Tertleal. 

h.  ibe  rectifier  shall  he  oapahle  of  rectifying  9  iaoh 
hy  9  inch  aerial  photography  of  approximately  12- inch  fooal  length 
with  tilts  up  to  30®  from  the  vertical, 

o.  The  etcouracy  of  the  rectifier  shall  he  such  that  the 
rectified  prints  produced  therewith  will  he  of  sufficient  accuracy 
for  photogrammetrio  purposes. 

d.  The  rectifier  shall  have  a  megnlfioatlon  raoge  of  at 
least  0.9  to  1.1  when  rectifying  photography  of  high  tilts  and  a 
magtxifloation  range  of  from  0.6  to  2.3  when  rectifying  photography 
with  tilts  up  to  20®. 

e.  Ihe  rectifier  shall  he  of  a  type  and  slse  as  small 

as  poBSihle  to  he  consistent  with  good  design.  Weight  of  the  instru¬ 
ment  shall  he  held  to  a  consistent  with  the  functions  required. 

f .  Ihe  Instrunant  shall  he  of  all  metal  rigid  ocnstruo- 

tlon. 

g.  The  rectifier  shall  have  Interchangeahle  lenses,  one 
of  which  shall  he  of  approximately  ^^Inch  fooal  length  aood  sultahle 
for  rectifying  the  9  inch  hy  9  inch  six- inch  photography  with  high 
tilts.  The  other  lens  shall  he  of  approximately  8- inch  fooal  length 
and  sultahle  for  use  in  rectifying  the  9  inch  hy  9  inch,  twelve-inch 
fooal  length  photography  a3[id  the  six-lxioh  photography  of  low  tilts. 

h.  The  rectifier  shall  he  equipped  with  sultahle  scales 
hy  means  of  which  the  rectifier  may  he  set  to  paredetemined  data 

these  scales  shall  he  such  that  the  ooB^utatlaaB  necessary  for 
determining  their  settings  are  reduced  to  a  minimum.  Aids  to  the 
determinations  of  settings  where  oonputatlon  is  necessary,  such  as 
ncoograms,  charts  or  curves  will  he  furnished  with  the  Instrument. 

1.  The  easel  shall  he  of  the  vacuum  frame  type  azid  no 
lEurger  than  necessary  to  accommodate  the  reotifioatlons  and/or 
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•nlArflUMata  spaolflaA  i^Te 


J.  Ihe  ll4^t  Bonroe  aball  'b«  of  otaaAard  flootreaooBt 

tttb«8. 

k.  Dio  rootlflar  ohaXI  ko  oo  ooxiBtraotod  that  0007  ao> 
eooB  BBjT  ko  bad  to  the  xtasattre  Btofo  vlthivt  Alnaatlljv  aoj  part 
of  the  InBtnao&t,  for  the  pnurpoae  of  ohaaglng  aad  orlentlne  aoga- 

tlTOB. 


1.  The  reotlfler  akall  tako  koth  roll  and  oat  film. 

■u  The  defllga  and  oonatnotlBCi  of  the  Inatmaeixt  ahall 
he  aa  alaple  aa  poaalkle  oonalatent  vlth  the  re^alraaHBta. 

n.  The  oonatrBotlen.  ahall  eoataln  a  of  atrata- 

gio  and  oritioal  natarlala  oonalatent  vlth  the  fonotlana  revilred. 

o.  Ade4Tiate  Inatruotlona  for  aaaeiiftlj,  operation  and 
malntenanoe  ahall  ke  fuxnlahed  vlth  the  Inatrunent. 

p.  The  reotlfler  ahall  ke  00  dealgned  that  It  oan  ke 
dismantled  in  aeotlona  for  packing  In  2  or  3  oarrylng  oheata. 

2«  DlaenalonB  and  Weight.  Dlmenalona  and  velght  of  the  com¬ 
plete  Printer,  Photographic,  Horizontal  Projeotlon,  Rectifying  vlth 
oases  are  as  foUovss 

a.  Plmensionaa 

1.  Chest  Ho.  1  —  5  ft  4"  X  3  ft  2"  z  1  ft  5" 

2.  Chest  Ho.  2  —  3  ft  3"  I  2  ft  2"  X  2  ft  0" 

k.  Velght  390  ponnda. 

3*  Cost  to  Pakrloate  Single  Ihilt.  Estimated  coat  of  produc¬ 
tion  of  one  complete  Winter,  Photog^phle,  Horizontal  Projection, 
Rectifying,  $8000.00, 

k.  Cost  In  Quantity  Production.  Estimated  cost  of  the 
Printer,  Photographic,  Horizontal  Projection,  Rectifying,  In  taan- 
tlty  pr^uotlon  of  10  or  more  Is  $5500.00  per  unit. 

5.  Production  ^ta.  It  la  eatlmated  that  an  eatakllahed 
manufacturer  such  as  tke  Sauaoh  and  Look  Optical  Ccmpany  could 
Initiate  production  of  the  Printer,  Photographic,  Horizontal  Pro¬ 
jection,  Rectifying  in  60  days  and  ccnld  produce  10  ocnplete  units 
In  the  next  6  months  thereafter. 


I 
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6.  OvwBdaa  Tftie.  ^10  Prlstar,  Phetograplilo,  Horlsantal  Fro- 
jeotlon,  Beotlfylng  is  satlBfaotory  tram,  a  deTelofnant  point  of 
Ylev  for  U0e  orerseas. 

7.  StantorAlaatlon  and  InterchanuBaMllty  of  Parts.  Tha  de¬ 
sign  of  the  Printer,  Photographlo,  Horizontal  Pirojeotlon,  Bectlfylng 
does  aoooBpllsh  the  objectives  of  inaxlmua  standardisation  and  Inter- 
ohangeahlllty  of  paxts. 

6.  Spare  Parts  List.  The  follovlng  Is  a  list  of  first  echelon 
spare  parts  for  the  Printer,  Fhotogra^lo,  Horizontal  Projeotlon, 
Heotlfylng: 


Item  Quantity 


Stage  Plate  1 
Pressure  Plate  1 
Pluoiresoent  Tubes,  12  inch,  8-vatt  (T-5)  1^ 
Neon  Glov  Laops,  HE  iw.  (T-l«^  ^  Cand.  Sox*ev  Base)  9 
Neon  Gloir  Laiops,  NE  30,  IV.  (G  10  Med  Sorevr  Base)  1 
Starters,  ES-5)  for  d-vatt,  12- Inch  fluorescent  tubes  6 


XLUBTBATIQl  OT 


KZLmBY  OCCDKATZQBLL  8FBCIAia*IB 


yaunsi  occoBmono.  aacikiTi 

■»«  (OOl^)  ASaiKL  ramXFaPOCBOHIB 


TJaem  aarlal  fk0togra9hs  in  th*  oaostaruetlaa  of  plnnlaetrlo 
and  topo^ra^o  aapa,  aoransntloal  eiharta,  aai.  oantrallad  and  uaeon- 
troUad  noflaloa. 


Makasa  aatlwaatloal  ooMputatlena  in  oannoetlon  vlth  tlhs 
ocoatraotlea  of  talUaa  and  graphs  to  oaarreet  oalealatlsns  fcv  dls- 
tortlsn  In  photographs  and  sterssgraphlo  dlsplaoaasats.  Coostiuets 
oontrol  hoards  upon  vhl<di  ■ssaies  aars  asssahlad  and  sbIgbs  planiastrle 
asps  for  use  In  ooDStruetlng  tsrpographlo  saps  vlth  stereoocsqponigraph. 

Most  he  fanlllar  vl-Ui  eonrentlonal  signs  and  sjsihols  used 
In  Billltary  napping.  AhlUtj  to  Interpret  aerial  photographs 
essential. 


Must  he  ezperlenoed  In  topographic  drafting 


66 


HnXEUMI  OOCBBAZZOUL  SIKZAlffl 
lo.  (9k^)  mXBOCBUJmC  UIKBATORT  IBCHIICliUI 


fierfarBB  a  rarl^ty  of  tasjtaB  In  oonnectloa  irltk  ]^to> 
grapiblc  processing  In  a  adlltary  plvotographlc  lalKxratary. 

^Prepares  and  nixss  p^tographlc  solntlana,  folXcwing  pro- 
scrllied  famila.  Oerelops  film  lay  lanstrslng  tbaa  for  pres<nril>ed 
periods  at  specified  teiqperatnres  In  prepaared  oheodcal  solutloDs. 
MsUoes  contact  aaod  projection  prints  lay  neans  of  printing  aaaclilne, 
placing  sensitized  paper  orer  negatlTe  and  eacpoalng  the  prints  to 
electric  light,  rpanonres  prints  frooi  aachlne,  develops  them  In  chexnl- 
cal  solutions,  and  dries  them.  In  Army  Air  Force,  asseasibles  uncon¬ 
trolled  mosaic  strips,  makes  ireproduotlon  photographs  hy  use  of 
standard  copy  cameras  or  other  ground  caaaeras  an*  equipment. 

Hsiy  spot  or  retouch  photographic  prints  and  negatives, 
using  retouching  fluid,  knives,  and  pencils. 

At  supervisory  levels  la  responsible  for  control  and  co¬ 
ordination  of  laboratory  personnel  and  equipment. 

Ifast  be  thoroughly  famdllar  uith  photographic  laboratory 
equipment  such  as  film  developers,  film  driers,  and  print  driers. 
Hist  be  familiar  vlth  various  types  of  sensitized  mterlals,  print 
vashers,  and  other  chemicals  used  In  connectloa  vlth  photographic 
vork. 
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UMiNCCR  RfSCARCN  AND  UVELOnUNT  LAMRATONia 


AODtCSS  tiriV  TO 
Maa«aMM  amen 

ia«iai|B  iniMea  na  aaviiaaaaaT  ut^faain’ 
FORT  mVOIR.  VA. 


THE  ENGINEER  CENTER  AND  FORT  BELVOIR 
l>OIIT  Mt.VOIIt  VA. 


1  JUH1350 

la  RinT  TKI&>  A8X 

RifttTa:  4oo«l  (a-Sfi-OS-OOl^ 

SDBJKft  Tronadttel  «f  Jtoport  X161*  Pinal  Baportf  Prlatar*  Fhotographloa 
Horlsoiital  ProJaetloBa  Saotif^rlvCo  Tilta  Qadar  for  S^Saoli 
iMTlal  Roll  Film 


THEOJi  Gonamodiag  Oonoral 

Tho  Bacinoor  C«Btor  oad  Fort  Bolroir 
Fort  BoloolTf  Flrsimia 


TOt  Chief  of  Bucineera 

Departmeot  of  the  Axmy 
IRMhlactom  26,  Da  Ca 

ARBniORt  Chief*  Sogiiieer  Reeeereh  end  DeoelopBmat  DiTiiiem 


la  Treneaitted  hereiilth  ie  Report  1161*  ’‘Final  Report*  Frlster* 
Fhotographie*  Horiaootal  Projeetien*  Reotifyinc*  TlltB  Itoder  70®*  for 
moh  Aerial  Roll  FUm*"  dated  18  Herah  1960*  vhloh  me  prepared  hy  the 
Teefanioal  Staff  of  the  Boglneer  Reeearoh  and  Demlopaent  Lebomtorleo* 
Thia  report  oorere  an  iisveatisatiao  IxTrolfins  the  demloiment*  teetlnf  * 
end  etendardisation  of  a  lishtneigfat*  portable*  horieootal*  reetifyiag 
projeotion  printer*  mounted  in  a  truoJc  or  trailer*  for  uae  in  reetiiyiag 
9.  ty  9«laoh*  6«inoh  focal  length  photography  with  tilte  up  to  70®*  and 
9-  by  9-iaoh*  12-inoh  fooal  length  photography  with  tilte  up  to  80®  from 
the  wertioal* 

2*  The  report  oowludee  thati 

a*  The  modified  Baueoh  and  Lamb  rectifier  oonfome  to  the 
requirenente  of  the  military  oharaoterietioe  for  thie  dewelopment* 

ba  The  modified  Baueoh  end  Lomb  reotifier  ie  euitable  for 
etandardisation  aa  adopted  type*  etandard  type*  and  ae  a  Claee  IT  item 
of  eupply* 

Oa  Pereoimel  normally  aeeigned  to  topogn^hio  unite  are  capable 
of  operatixig  the  modified  Baueoh  end  Lamb  reotifier* 


TBCBD  A8I 

400*1  (8-16-08-001) 

SttbjMti  Tnumitt*!  of  Roport  1161*  Final  Roport.  Priafear*  HM»tosropliie« 

Borltontal  Projoetloa*  Raotifyinc*  Tilta  TJtadar  70®«  for  9|-SBoh  * 

Aarlal  Roll  Flla 

8*  Tha  raport  raooaaanda  tbatt  ^ 

a*  Tha  aodiflad  Bauaah  and  Loadb'  raatlfiar  ba  ataadardlaad  as 
adoptad  typa*  standard  typa*  and  ba  stobkad  as  a  Class  17  itaa  of  so^P^* 

b«  This  projaot  ba  oloaad* 

4*  Tha  raport  with  Its  ooaelusions  and  ran nisnd ations  is  approaad* 


Z  Ibols 

1*  PropOsad  distr  list 
(in  quiat) 

8*  Rpt  1161  (in  qtiad) 


hid. 


I  JUN  1950 


8 


2 


SIBJBCTt  ©fanamlttal  Df  Report  ll6l.  Final  Report,  Printer, 
Photographic,  Horisontal  Projection,  Rectifying, 

Tilts  under  70®,  for  9i  Inch  Aerial  Roll  Pll* 

ENOIB  (1  Jun  50)  2nd  Ind 

Office  of  the  Chief  of  Engineers,  Rhshlngton  25,  D.  0*, 

14  Jun  50 

TO:  Conniandlng  General,  The  Engines  Center,  Fort  Belvolr,  Va. 


1.  The  subject  report  and  proposed  distribution  are 
approved. 

2.  Vith  reference  to  recommendations  In  paragraphs 

5a  of  the  basic  letter,  necessary  action  in  connection 

vlth  classification  of  the  subject  Item  and  closing  of 
Project  6-55**05*‘001  vlll  be  initiated  and  presented  at  an 
early  date  for  Corps  of  Engineers  Technical  Committee  action. 

BY  QRUER  OF  THE  CHIEF  OF  EROlNEHiS: 


1  Inol 

1.  Proposed  Dlstr 
List 

(Incl  Ho.  2  v/d) 


io-  M 

D.  G.  HAMMOND 

Lt.  Colonel,  Corps  of  fiiglneers 
(^lef,  Engr  Research  &  Develrpment 
Military  Operations 


Dlv 


lECAG  / 


Hq.  The  Ener  Cen  k  Ft  Belvoir,  Ft  Belvolr,  Va.  j  9  jy|^  ^950 


TO:  CO,  E.R.D.L. ,  Ft  Eolvoir,  Va. 

7^ 
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C!l^  Jiaig  BwaMToli  &  PeroloiMwit  Sir  (4) 

CJhf  flkguilzatloii  &  SCnlcdiiig  IMLt  (l) 

Olu  H.  T,  ftrooarwBnt  Office  (l) 

Vj^,  ML21tary  Attaolie,  Icndoa  (2) 
ftglosecr  Sobi^  Idlienixy  (2) 

^3BL^S2|LI|SCS9S. 

Oh,  AJ7,  Aigr  Seotloa  (l) 

^rraldont,  .AJT  Board  Ho.  1  (2) 

Breeldsnt,  AFF  Board  Ho.  2  (2) 

^*6eldeQt^  Anr  Board  Hp.  3  (1) 

^roaldent,  AF7  Board  Ho.  4  (l) 

OS,  BC^  JfBkterlel,  of  Ipatallatioog  (l) 

C8,  BC^  Hnterlel,  Blr  of  Besoaroh  &  Benrelop  (l) 
CS,  BO/3  Operations,  Blr  of  Plana  &  OperatloDB  (l) 
03,  BC/3  %eratloQa,  Blr  of  Be^Lulrenenta  (l) 

00,  Air  Plrorlng  Groiind  (2) 

CG,  Air  Proving  Ground,  Photo  PJroJecta  ft*  (l) 

OG,  Strateglo  Air  Coimnand  (l) 

OG,  Strateglo  Air  CooDBzid,  Beooonalaaaiice  Seo  (A) 
CG,  Oootliieatal  Air  Comna^  (2) 

OG,  Air  Training  Ognanand  (l) 

CG,  MB,  Photo  leh  JCSSm  (l) 

CG,  AMC,  H^uipoant  IaharBtor3r  (l) 

Caidr.  MLUtarj  Air  Transport  Serv  (l) 

CG,  Air  ftilyerBlty,  A-2  Idhrarlon  (l) 

CG,  Air  Chlyerslty,  Beaearch  Seotlon  (l) 


Haval  Clyii  ftiglnaerlng  Xahoratorles  (l) 

Haval  Photographic  Ihterpretatioa  Centor  (l) 
Bjrdrcgrapblc  C^flce  (l) 

Sneolal 

Asst  Chief  of  Staff,  GJ^  (xj 
Asst  Chief  of  Staff,  0w3  (1) 

B.S.  JHUtary  AoadenQr,  Beteushiasnit  (l) 

B.S.  HLlitary  Aoadenor,  Bept  of  Kll  Topo  &  Graphios  (l) 
Azned  Farces  Staff  College,  Idhrarlon  (l) 

Aeronautical  Chart  Service,  Idhraxy  Section  (3) 


